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My it pleaſe; Your Royal Highneſs, 


periments to Your Highnels's Pa- 
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Humbly offer the following Ex- 


tronage, to protect them from the 
reproaches that the ignorant are apt 
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hours; 


DEDICATION. 


unreaſonably to caſt on reſearches of | 

this kind, notwithſtanding they are the 
only ſolid and rational means where- | 

by we may ever hope to make any 

real advance in the knowledge of Na- | 

2 ture: A knowledge worthy che attain- 
ment of Princes. 


And as Solomon, the pickeſt 1 


wiſeſt of men, diſdained not to in- 
quire into the nature of Plants, from 


| he Cedar in Lebanon, to the p 


that ſpringeth out of the wall: So it 


will not, I preſume, be an unaccep- 
table entertainment to Your Royal 
Highneſs, at leaſt at Vour leiſure 
but will rather add to the 
pteaſure, with which vegetable Na- 


ture in her prime verdure charms us: 


Io ſee the ſteps ſhe takes in her pro- 
ductions, and the wonderful power 
ſhe therein exerts : 


The admirable 


. proviſion ſhe has made for them, not 


and exalted food from the air, 
wonderful fluid which is of ſuch im- 
portance to the life of Vegetables 


sS DEDTEATION 
f only vigorouſſy to draw to great : 
heights plenty of nouriſhment from 

I the earth; but alſo more ſublimed 


that 


and Animals: And which by infinite 


combinations with natural bodies, pro- 


duces innumerable ſurprizing effects; 


many inſtances of which 1 have here 


ſhewn. 

The ſearching into „ the ns * 
er while it delights and in- 
larges the mind, and ftrikes us with 


© [the ſtrongeſt alla of the wiſdom 
and power of the divine Architect, 
in framing for us ſo beautiful and 


well regulated a world, it does at 
the ſame—time convince us of his 
conſtant benevolence and 2 
towards . . 
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DEDICATION | 
That this Great Author of Nature 


may ſhower down on Your Royal } 
Highneſs an abundance of his Bleſ- 
ſings, both Spiritual and Temporal, 9 

is the ling incere prayer of 1 


1 Your Royal Highneſss 
"Met Obedient 


Humble Servant, 


STEPHEN HALES. | 


THE 


ture 


oyal 3 


leſ- | 


** 


Es. 


and in the Hiſtory of the Royal Acauem of 
Sciences, accounts of many curious Experi- 


THE 


[PREFACE 


25 4 been e 105 than 4 
| | Century very great and uſeful diſco- 
veries made in the amazingly beautiful ſtruc- 
ture and nature of. the animal æconomy; 


2 neither haue Plants paſſed \unobſerved in 


3 this inquiſitive, age, which has with ſuch 
; diligence extended its inquiries, in ſome ae. 
¶eree, into almoſt every branch of natures in- 


1 exhauſtivle fund of wonderful works. 


We find in the Philoſophical Tranſa8tions; | 


ments and Ober vations made from time to 
time on Vegetables, by ſebrral ingenious and 
mnquiſitive Perſons: But our countryman 
Dr. Grew, and Malpighi, were the firſt, 
who, tho in very diſtaut countries, did near- 
ly at the ſame time, unknown to each other, 
ingage in a very diligent and thorough in- 
quiry into the ſtruffure of the veſſelm 
Plants; a province, which till then hal 
| lain eee "iy have given #5 d. 


ii The PRE TAC 2. | 
ry accurate and faithful accounts of the FF 
 feruflure of the parts, which they careful. ly 


traced, from their firſt minute origin, the 


ſeminal Plants, 70 their full growth and 


maturity, thro' their Roots, Trunk, Bark, 


Branches, Gems, Shoots, Leaves, Bloſſoms 
and Fruit. In all which they obſerved an 
 exatt and regular ſymmetry of Parts moſt cu- 

 rioufly wrought in ſuch manner, that the 
great work of vegetation might eſfectuallß 
be carried on; by the uniform co-operation o 


the ſeveral Parts, according to the different 
offices aſſigned them by nature. 


Had they fortuned to have fallen into this | 
flatical way of inquiry, perſons of their great | 
application and ſagacity had doubtleſs made 
conſiderable advances in the, knowledge of || 
the nature of Plants. This is the only ſure. 
"way to meaſure the ſeverab quantities of 
nouriſhment, which Plants imbibe and per- 


ſpire, and thereby to ſee what influence the 


different ſtates of Air have.on. them. This 
is the likelieſt method to find out the Sap's 

velocity, and the force with which it is im- 
bibed: As alſo to eftimate the great power 
that nature exerts in extending and puſhing 
forth her PG the RE on of the 


oa 


1 lene 


_ "The riet, 
About twenty years ſince, I made ſeveral 
hemaſtatical Experiments on Dogs, and ſix © 


Tears afterwards repeated the ſame on Horſes 
and other Animals, in order to find out the 


real force of the blood in the Arteries, ſome 


ef which are mentioned in the third chapter 

e this book : At which times I wiſhed I could 

Have made the like E xperiments, to diſcover 

the force of the Sap in Vegetables; but de- 
* /baired of ever effetting it, till about ſeven 

Z years ſince, by mere accident J hit upon it, 


while I was endeavouring by ſeveral ways 


f | Zo ſtop the bleeding of an old ſtem of a Vine, 


„ | which was cut too near the bleeding ſeaſon, 


J which I feared might kill it: 


Having, af-_ 
ter other means proved ineffeftual, tied a 


1 piece of. bladder over the tranſverſe cut of 


the Stem, I found the force of the Sap did 
greatly extend the bladder; whence I con- 
cluded, that if a long glaſs tube were fixed 
there in the ſame manner, as 1 had before 


Ane to the Arteries of ſeveral living Ani- 


mals, I ſhould thereby obtain the real aſtend-* 


ing force of the Sap in that Stem, which 
ſucceeded according to my expectali ion, and 


hence it it, that I have been inſenſibly led 

on, to make farther and farther reſearches, 

BY voy of Experiments. | os OO 
As 
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As the art of Phyſick has s of late years been 
auch improved by a greater knowledge of the 
animal economy ; ſo doubtleſs a farther inſight 


into the vegetable economy muſt needs pro- 
| portionably improve our Skill in Agriculture 


and Gardening, which gives me reaſon to 
Hope, that inquiries of this kind will be ac- 


: | ceptable to many, who are intent upon impro- 


Ving thoſe innocent, delightful, and beneficial: 


Arts: Since they cannot be inſenſible that. 
the moſt rational ground for Succeſs in this: 
 laudable purſuit muſt ariſe from 4 greater in. 


iht into the nature of Plants. 


Finding by many Experiments in the fifth 
chapter, that the Air is plentifully inſpired 
by Vegetables, not only at their roots, but 


alſo thro. ſeveral parts of their Trunks and 
Branches; this put me upon making. a more 
particular inquiry into the nature of the Air; 
. and to diſcover, if poſſible, wherem its great 
importante ts the life and ſupport of Vege- 
tables might confiſt ; on which account I was 


obliged to delay the publication of the reſt of 
1 Experiments , which were read tis. + 
' * pears ſince before the Royal Soctety, zl 1 


had made fome progreſs in this inquiry. An 


account of which I have N in the . | 


er. 28 | | 
: LE | Where 


a wean we ain» ka wu i: 
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Where it appears by many chymio-ſtatical 
Experiments, that there is diffuſed thro all 
natural, mutually attracting bodies, a large 


proportion of particles, which, as the firſt 


great Author of this important diſcovery, 


Sir Iſaac Newton, obſerves, are capable of 


being thrown off from denſe bodies by heat 
or fermentation iuig 4 vigorouſly elaſtick and 


permanently repelling ftate : And alſo of re. 
turning by fermentation, and ſometi: s with- 
out it, into denſe bodies: It is by this umphi- 


bious property of the air, that the main and 
principal operations of Nature are carried 
on; for a maſs.of mutually attracting par- 


| ticles, without being blended with a due 


proportion of elaſtick repelling ones, would in 


many caſes ſoon coaleſce into a ſluggiſh lump.” 
It is by theſe properties of the particles of 


matter that he ſolves the principal Phæno- 


mena of Nature. And Dr. Freind has from 
the ſame principles given a very ingenious ' 


| Rationale of the chief operations in CH. 
miſtry. It is therefore of importance to have 

_ theſe ver) operative properties of natural bo- 
dies further aſcertained by more Experiments 
and Obſervations : And it is with fatisfac-. 


tion that we ſee them more and more confirm. 
ed to us, by every farther enquiry we make ; 
Fo Gn " ®N oe 
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as the following Experiments will W 


prove, by ſhewing how great the power f 


the attraction of acid ſulphureous particles 


muſt be at ſome little diſtance from the point 


of contact, to be able moſt readily to ſubdue 


and fix elaſtick gereal particles, which repel 
with a force ſuperior to vaſt incumbent preſ- 
ſures: Which particles we find are thereby 
changed from a ſtrongly repelling, to as 
ſtrongly an attracting ſtate : And that elaſ- 
Ticity is no immutable property of air, is fur- 
ther evident from theſe Experiments; be. 
cauſe it were impoſſible for ſuch great quan- 
. Tities of it to be confined in the ſubſtances 
of Animals and Vegetables, in an elaſtick 
ſtate, without rending their conſtituent parts 


with a vaſt exploſion. 


I have been careful in making, and faith. 
ful in relating the reſult of theſe Experi- 
ments, and wiſh I could be as happy in araw- 
ing the proper inferences from them. Hows- 
ever I may fall ſhort at firſt ſetting out in 
this ſtatical way of inquiring into the na- 
ture of Plants, yet there is good reaſon to 


believe that conſiderable advances in the 
knowleage of their nature may in proceſs of 


time be made, * reſearches ＋ # this kind. 


And 


LE. BY ß 


X. 


The bad vii 


And I hope the publication of this Speci- 
men of what ] have hitherto done, will put 
others upon the ſame purſuits, there being 1 m 


fo large 4 field, and among ſuch an innu- 


merable variety of ſubjects, abundant room 
for many heads and hands to be employed in 
the work : For the wonderful and ſecret ope- 


rations of Nature are ſo involved and in- 


tricate, ſo far out of the reach of our ſenſes, 
as they preſent themſelves to us in their na- 


1 tural order, that it is impoſſible for the moſt 
 ſagacious and penetrating genius to pry into 
them, unleſs he will be at the pains of ana- 


2 ng Nature, by a numerous and regular ſe- 
ries of Experiments; which are the only 


ſolid foundation whence we may reaſonably 
expect to make any advance, in the real 
| knowledge of the nature of things. 


I muſt not omit here publickly to ac no- 
ledge, that I have in ſeveral reſpects been 


much obltged to my late ingenious and learned 


neighbour and friend Robert Mather, of the 


Inner-Temple, Eq; for his aſſiſtance herein. 


T had intended to have inſerted many ad- 
ditional Obſervations and Experiments, in 


their proper places, in this ſecond Edition of 


this book: But for the ſake of thoſe who 
have bought the firſt Edition, it is thought 


moſt 


_ 


c I a 
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"moſt adviſeable to print them, with | many 
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ot her Experiments, in another Volume; 1 


which, God willing, I purpoſe to do in a 1 
little time. For which reaſon I call this 
the firſt Volume; and have in this new Edi- | 


tion added the general Title of Statical EC- 


ars, as moſt ſuitable to the ſeveral Subjetts | 


of both Volumes. 
Whereas ſome complain that they do not 


underſtand the ſipnification of thoſe ſhort 
ens or characters, which are here made 
. wſe of in many of the calculations, and which | 
are uſual in Algebra: this mark + ſignifies | 
more, or to be added to. Thus page 18, 
Line 4, .6 ounces - 240 grains, 7s as much 
as fo ſay, 6 ounces more by, or to be ad- 
_ ded to 240 grains. And in line 16, of the 
ſame page, this mark x or croſs ſignifies 
multiplied by; the tuo ſbort parallel lines 
feenify equal to; thus 1820 X4 —=7280 : r, 


is as much as to ſay, 18 20 ee oy 4 


equa} to FEY is to 1 


T 4 
* 
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63 HE farther reſearches we make in- 
wy to this admirable ſcene of things, 
W323 . 

281 the more beauty and harmony we 


2:88 ſee in them: And the ſtronger and clearer 
— 1 convictions they give us, of the being, power 
329 and wiſdom of the divine Architect, who 
331 has made all things to concur with a won- 
derful conformity, in carrying on, by va- 

_ _ Friousand innumerable combinations of mat- - 

kx. ter, ſuch a circulation of cauſes, and effects, 

Page 8 Was Oy to the great ends of na- 

132 ture. 77 

134 And ſince we are aſſured vs the all-wiſe 


_ Creator has obſerved the moſt exact propor- 
168 tions, of number, weight and meaſure, in 
3 the make of all things; the moſt likely way 

1 : 46 therefore, to get any inſight into the na- 
ture of thoſe parts of the creation, which 


come within our obſervation, muſt in all 
caſon be to number, weigh and meaſure, 
And we have machen pur- 
E ſue 


2 egetable Staichs, 
ue this method, of ſearching into the nature 
11 of things, from the great ſucceſs that bs | 
Wh! attended any attempts of this kind. | be 
ly Thus, in relation to thoſe Planets which pe 
revolve about our Sun, the great Philoſo- ee 
4 pher of our age has, by numbering and an 
maceaſuring, diſcovered the exact proportions al 
x that are obſerved in their periodical revo- of 
lutions and diſtances from their common JT 
centers of motion and gravity : And that th 
God has not only comprehended the duſt pr 
of the earth in a meaſure, and weighed the by 
© _ mountains in ſcales, and the hills in a ba- of 
FF luance, Iſai. xl. 12. but that he alſo holds the da 
naſt revolving. Globes, of this-our ſolar Sy- to 
8 ſtem, moſt exactly poiſed on their common ho 
* cCcenter of gravity. | the 
= | And if we reflect upon the. diſcoviltie ma 
Wt that have been made in the animal cecono- ny 
my, we ſhall find that the moſt conſider- ane 
8 able and rational accounts of it have been 
"8 _ chiefly owing to the ftatical examination 
Pf their fluids, vg. by enquiring what quan- 
tity of fluids, and ſolids diſſolved into fluids, 
the animal daily takes in for its — F 
Wir and nouriſhment: And with what force 
. and different rapidities thoſe fluids are car- 
1 | ried} 


VHegeiable 2 * 3 


ature ried e in their proper channels, accotd- 
t has ing to the different ſecretions that are to 
bbe made from them: And in what pro- 
hich portion the recrementitious fluid is convey- 
loſo- ed away, to make room for freſh ſupplies; 
and and what portion of this recrement nature 
tions allots to be carried off, by the ſeveral kinds 
revo- of emunctories and excretory ducts. _ 
1mon 3 And ſince in vegetables, their growth and 
that the preſervation of their vegetable life is 
» duſt promoted and maintained, as in animals, 
d the by the very plentiful and regular motion 
a ba- of their fluids, which are the vehicles or- 
ds the dained by naturc, to carry proper nutriment 
ar Sy- to every part; it is therefore reaſonable to 
nmon hope, that in them alſo, by the ſame me- 
I thod of inquiry, conſiderable diſcoveries 
veries f may in time be made, there being, in ma- 
cono- ny reſpects, a great analogy between plants 
aſider- and * 
been f 
nation 
quan- 
fluids, 
upport 
re car. 
ried} 
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1 Vegetable Statick. © 


CHAP. I. 


Experiments, ſhewing the quantities imbibed 


and Perſpired by Plants and N 8 


EXPERIMENT. 1. 


ULY 3. 1724. in order to fad out the | 
quantity imbibed and perſpired by the 


Sun-Flower, I took a garden-pot (Fig. 1.) 
with a large Sun-Flower, a, 3 feet & high, 
which was purpoſely planted in it when 


young; it was of the large annual kind. 


I covered the pot with a plate of thin 
milled lead, and cemented all the joints faſt, 
ſo as no vapour could paſs, but only air, thro 


a ſmall glaſs tube 4 nine inches long, which 
was fixed purpoſely near the ſtem of the 


plant, to make a free communication with 


the outward air, and that under the leaden 
A ns 
I I cemented alſo another ſhort 118 tube 
2 into the plate, two inches long and one 
inch in diameter. Thro' this tube I watered 
the plant, and then ſtopped it up with a 
_ cork; | ſtopped up alſo the holes z, /, at the 
bottom of the pot with corks. : 


'F weighed | 


* 


ens” Mek 5 


4 weighed this pot and plant morning 
and evening, for fifteen ſeveral days, from 


July. to Aug. 8. after which I cut off the 
plant cloſe to the leaden plate, and then 
covered the ſtump well with cement; and 


upon weighing found there perſpired thro” 
the unglazed porous pot two ounces every 
twelve hours day, which being allowed 

the daily weighing of the plant and pot, I 


found the greateſt perſpiration of twelve 


hours in a very warm dry day, to be one 


pound fourteen ounces; the middle rate of 


' perſpiration one pound four ounces. The 


| perſpiration of a dry warm night, without 


any ſenſible dew, was about three ounces ; 


but when any ſenſible, tho ſmall dew, then 
the perſpiration was nothing; and when a 
large dew, or ſome little rain in the night, 


the plant and pot was increaſed in weight 
two or three ounces. N. B. The weights. 
I made uſe of were Avoirdupoiſe weights. 

I cut off all the leaves of this plant, and 


laid them in five ſeveral parcels, according 


to their ſeveral ſizes, and then meaſured 


| the ſurface of a leaf of each parcel, by lay- = 


ing over.it a large lattice made with threads, 


in which the little ſquares were + of an inch 
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3 by numbering of which 1 had the ſar- 

face of the leaves in ſquare inches, which 
multiplied by the number of the leaves in 
the correſponding parcels, gave me the area 


of all the leaves; by which means I found 
the ſurface of the whole plant, above ground, 


to be equal to 5616 ſquars inches, or 39 
ſquare feet. 


I dug up acted Sun- flower, deny of 


the ſame ſize, which had eight main roots, 
reaching fifteen inches deep and ſide ways 
from the ſtem : It had beſides a very thick 
| buſh of lateral roots, from the eight main 


roots, which extended every way in a He- 


miſphere, about nine inches from the ſtem. 


and main roots. 


In order to get an mare of the length 
of all the roots, Itook one of the main roots, 
with its laterals, and meaſured and weighed 
them, and then weighed the other ſeven 
roots, with their laterals, by which means 


I found the ſum of the length of all the 
roots to be no leſs than 1448 feet. 

And ſuppoſing the 3 of theſe 
roots at a medium, to be 3 of an inch, 
then their ſurface will be 2286 ſquare 


inches, or 15, 8 ſquare fect ; that is, e- 


2 3 qual. 


LY 


If, as above, twenty ounces of water, at 


a medium, perſpired in twelve hours day” 


(i. e.) thirty four cubick inches of water (a 
cubick inch of water weighing 254 grains) 
then the thirty four cubick inches divided 
by the ſurface of all the roots, is = 2286 


ſquare inches; (i. e.) +++ is = 7, this gives 

the depth of water imbibed by the whole 
ſurface of the roots, VS. 7 part of an 
inch. 


And che ſurface of the plant above 3 


being 5616 ſquare inches, by which divid- 
ing the 34 cubick inches, vg. 1 = 557, 
this gives the depth perſpired by the whole 
ſurface of the plant above ground, VIS. ITT 
Part of an inch. 


Hence, the velocity with which water 


: enters the ſurface of the roots to ſupply the 
expence of perſpiration, is to the velocity, 
with which the ſap perſpires, as 165 : 67, 
or 2s : r, Of nearly as 5 : 2. 


The area of the tranſverſe cut of the md 
dle of the ſtem is a ſquare inch; therefore 
the arcas, on the ſurface of the leaves, the 
roots, an and ſiem, are $616, 2286, 1. : 

TE B 4 The 
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qual to 3 of the ſurface of the plant above 
ground. 
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The velocities, in the ſurface of the leaves; re: 

roots, and tranſverſe cut of the ſtem, are cu 

gained by a reciprocal proportion of the be 
lurfaces. be 

| the 

| S : 

£ roots = 2286 inch 5; 
x * ſtem = 1 34 inch. vel 
9 | - vel 
| Now, their perſpiring 34 cubick inches 4 in the 
| twelve hours day, there muſt ſo much paſs I 
| thro' the ſtem in that time; and the velo- of 
city would be at the rate of 34 inches in as 
1 twelve hours, if the ſtem were quite hollow. }} to 
In order therefore to find out the quanti- bot 

oy of ſolid matter in the ſtem, July 27th at | inc 

| 7. 4. m. I cut up even with the ground = 
| Sunflower; it weighed 3 pounds; in thirty ken 
' days it was very dry, and had waſted in al! pla 
i 2 pounds 4 ounces; that is 4 of its whole and 
| weight: So here is a fourth part left for toe 
N ſolid parts in the ſtem, (by throwing a piece in a 
| of green Sunflower ſtem into water, I found plar 
i it very near of the ſame ſpecifick gravity 4.IY 
| with water) which filling up ſo much of the to 
ſitem, the velocity of the ſap muſt be increaſ- Þ| flow 
1 cd propotrionably, « Us, + part more, (by cacl 


reaſon ; 


| cach other as 160 : 3, or as 33:1 
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| reaſon of the reciprocal proportion) that 34 
cubick inches may paſs the ſtem in twelve 


hours; whence its velocity in the ſtem will 


be 45+ inches in twelve hours} ſuppoſing 


there be no circulation nor return of the 
ſap downwards. . 
If there be added to 34, (which is the leaſt 
velocity) + of it = 115, this gives the greateſt. 
velocity, Vis. 457. The ſpaces being as 3:4. 
the velocities will be 4: 31: 454: 34. | 
But if we ſuppoſe the pores in the ſurface 
of the leaves to bear the ſame proportion, 
as the area of the ſap veſſels in the ſtem do 


to the area of the ſtem; then the velocity, 


both in the leaves, root and ſtem, will be 
increaſed in the ſame proportion. ; 
A pretty exact account having been ta- 
ken, of the weight, ſize, and ſurface of this 
plant, and of the quantities it has imbibed 


and perſpired, it may not be improper here, 


to enter into a compariſon, of what is taken 
in and perſpired by a human boys and this 


plant. 


The weight of a well ſized man is equal 
to 160 pound: The weight of the Sun- 
flower is 3 pounds, ſo their weights arc to 
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The ſurface of ſuch human body is equal 
to 15 ſquare feet, or 2160 ſquare inches. 

The ſurface of the Sun-flower is 5616 | 
en inches, ſo its ſurface is to the ſurface 


of a human body as 26: 10. 
The quantity perſpired by a man in ewenty 


four hours is about 3 1 ounces, as Dr. Kill 
found, vid. Medic. Stat. Britan. p. 14. 


The quantity perſpired by the plant, in 


the ſame time, is 22 ounces, allowing two 
- ounces for the perſpiration of the beginning 
and ending of the night in July, vis. after 
evening and before morning weighing, juſt 
before and after night, | 
So the perſpiration of a man to the Sun- 
flower is as 141: 100. ; 
Abating the ſix ounces of the thirty one | 
ounces, to be carried off by reſpiration from 
the lungs in the twenty four hours; (which 
I have found by certain experiment to be ſo 
much if not more) the twenty five ounces 


multiplied by 437 + the number of grains 
in an ounce Avoirdupois, the product is 
109377 grains; ; which divided by 254, the 
number of grains in a cubick inch of water, 


: gives 4.3 cubick inches perſpired by a man: 
Which divided by the ſurface e of his body, 


VIS. 
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Viz. 2160 ſquare inches, the quotient is 


Vr part of acubick inch perſpired off a ſquare 


inch in twenty four hours. Therefore in 


equal ſurfaces and _ times the man per- 
ſpires r, the plant x, or as 501 5. 
Which exceſs in the man is occaſioned 


by the very different degrees of heat in each: 
For the heat of the plant cannot be greater 
than the heat of the circum- ambient air, 
> | which heat in ſummer is from 25 to 35 de- 

grees above the freezing point, (vide Exp, 


20.) but the heat of the warmeſt external 


parts of a man's body is 54 ſuch degrees; 


and the. heat of the blood 64 degrees 


which is nearly equal to water heated to 
| ſuch a degree as a man can well bear to hold 


his hand in, ſtirring it about; which heat i is 
ſufficient to make a plentiful evaporation. 
Qu. Since then the perſpirations of equal 


arcas in a man and a Sunflower, are to cach 
other as 165 : 30, or as 35: 1ñ and ſince the 
degrees of heat are as 2: 1, muſt not the ſum 


or quantity of the areas of the pores lying 
in equal ſurfaces, in the man and Sunflower, 
be as 16: 1? for it ſeems that the quantities 
of the evaporated fluid will be as the degrees 
of hext, and the ſum of the areas of the pores 


taken together. 1 Uh 
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Dr. Keill, by eſtimating the quantities of 
the ſeveral evacuations of his body, found 
that he cat and drank, VT 24 hours, 4 
pounds 10 ounces. 
The Sunflower imbibed gi perſpired i in 
the ſame tinge 22 ounces, ſo the man's food, 
to that of the plant, is as 74 Ounces to 22 
Ounces, or as 7: 2. 
But compared bulk for bulk, the plant im- 
bibes 17 times more freſh food than the man: 
For deducting 5 ounces, which Dr. Keill al. 
lows for the feces alui, there will remain 4 
pounds ; ounces of freſh liquor, which en- 
ters a man's veins; and an equal quantity 
paſſes off every 24 hours. Then it will be 
found, that 17 times more new fluid enters | 
the ſap veſſels of the plant, and paſſes off in 
24 hours, than there enters the veins of a 
man, and paſſes off in the ſame time. 


And ſince, compared bulk for bulk, the 
Plant perſpires ſeventeen times more than 


the man, it was therefore very neceſſary, by 
giving it an extenſive ſurface, to make a.large 
proviſion for a plentiful perſpiration in the 

plant, which has no other way of diſ- 
charging ſuperfluities; whereas there is pro- 

viſion made in man, to carry off above 
halt 
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Saf | half of what he takes in, by other eva- 
—_— cuations. 
8 4 For ſince neither the ſurface 4 his body 
ö was extenſive enough to cauſe ſufficient ex- 
4 halation, nor the additional wreak, ariſing 


bod. from the heat of his blood, could carry off 
above half the fluid which was neceſſary to 
be diſcharged every 24 hours; there was a 
I neceſlity of providing the kidneys, to per- 
J colate the other half through. 
: And whereas it is found, that 17 times 
more enters, bulk for bulk, into the ſap vel 
ſcls of the plant, than into the veins ofa man, 
and goes off in 24 hoyrs : : One reaſon of 
this greater plenty of freſh fluid in the vege- 
¶ table than the animal body, may be, becauſe 
the fluid which is filtrated thro' the roots im- 


fraighted with nutritive particles as the chyle 
which enters the lacteals of animals; which 
than defect it was neceſſary to ſupply by the en- 
, by trance ofa much greater quantity of fluid. 
arge And the motion of the ſap is thereby much 
the accelerated, which in the heartleſs vegetable 


dif. would otherwiſe be very flow; it having 
probably only a progreſſive and not a circu- 


lating motion, as in animals. 
dalf 2 — nl 


mediately from the earth, is not near ſo ful! 


found ſo neceſſary for the health of a plant 
or tree, tis probable that many of their diſ. 

tempers are owing to a ſtoppage of this per- 
| ps ee by inclement air. 
Ihe perſpiration in men is often Ropped | 
to a fatal degree; not only by the inclemen- | 
cy of the air, but by intempetance, and vio- 


only by inclement air; unleſs by an un- 
kindly ſoil, or want of genial moiſture it is | 
deprived of proper or ſufficient nouriſhment, 
As Dr. Keill obſerved in himſelf a con- 
ſiderable latitude of degrees of healthy per- 
ſpiration, from a poundand half to z pounds; 
I have alſo obſerved, a healthy latitude of 
perſpiration- in this Sunflower, from 16 to 
28 ounces, in twelve hours day. The more | 
it was watered, the more plentifully it per- 
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Since then a plentiful perſpiration. is 


lent heats and colds. But the more tempe- 
rate vegetables perſpiration can be ſtopped 


ſpired, (ceteris paribus) and with ſcanty 


watcring the perſpiration much abated. 


From July zd. to Aug. 3d. 1 weighed 
for nine ſeveral mornings and evenings a 
mudale 
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r diſ- | 
per- 


pped | 


men- 


| vio- 


mpe- 


pped 


1 un- 
e it is 

nent. 
con- 
per- 
unds; 
de of 
s to 
more | 


t per- 


canty 
. 


ighed 
ngs 4 
iddle 


for — =426 a 


* egetable Spaticks.. 7 1 5 


| middle ſized Cabbage plant, which grew in 


a garden pot, and was prepared with a leaden 
cover, as the Sunflower, Exper. 1/7. Its 
greateſt perſpiration in twelve hours day 
was 1 pound 9 Ounces ; its middle perſpira- 
tion 1 pound 3 ounces, — 32 cubick inches. 
Its ſurface 2736 ſquare inches, or 19 ſquare 
feet. Whence dividing the 32 cubick 
inches by 2736 ſquare inches, it will be 
found that a little more than the #7 e of an 
inch depth perſpires wk its ſurface 1 in twelve 
hours day. EL | 
The arca of the middle of the Cabbage 
ſtem is 43+ of a ſquare inch; hence the ve- 


locity of the ſap in the ſtem, is to the ve- 


locity of the perſpiring ou on the ſurface 
of the leaves, as 2736 : :: 4268 : 0 
2736 x 156 


But if an allow- 
100 


ance is to be made for the ſolid parts of the 
ſtem (by which the paſſage is narrowed) the 
velocity will be proportionably increaſed. 
The length of all its roots 470 feet, their 
periphery at a medium of an inch, hence 
their area will be 256 ſquare inches nearly; 
which being ſo ſmall in proportion to the 
area of the leaves, the ſap muſt 4 by with 
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ſurface of the leaves. 


inches long, they muſt occupy a hemiſphere 
of earth two feet diameter, that is, 2. 1 cu- | 
bick feet of carth. 3 


Han, with the ſurface of the ſame plant 


tree: For if 256 ſquare inches of root in | 
ſurface was neceſlary to maintain this Cab- | 


_ digging it up, in order to tranſplant, half the 
roots be cut off (which is the caſe of moſt 
young tranſplanted trees) then it's plain, that 
but half the uſual nouriſhment can be car- 
_ ried up, through the roots, on that account; 
and a very much leſs proportion on account 
of the ſmall hemiſphere of earth, the new 
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but in few points. This (as well as experi- 
ence} ſtrongly evinces the great neceſſity of 
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near eleven times the velocity through the 
ſurface of the roots, that it does thro the | | 


And ſetting the roots at a medium at 12 


By comparing the ſurfaces of the roots of Fee 411 
above ground, we ſec the neceſſity of cut- 


ting off many branches, from a tranſplanted Þ 


bage in a healthy natural ſtate: ſuppoſe upon 


planted ſhortened roots occupy; and on ac- 
count of the looſe poſition of the new turn- 
ed earth, which touches the roots at firſt 


. 


Which 


Vegetable Hatic ls. 17 
Which yet muſt be done with caution, for 
Y he skillful and ingenious Mr. Philip Miller 


F. R. S. Gardiner of the Botanick garden at 
Chelſea, in his very uſeful Gardiners and 
Floriſts Dictionary, ſays, That he has often 

« ſeen trees, that have had too much water 
« given them after planting, which has rotted 


e all the young fibres, as faſt as they have 


« been puſhed out; and ſo many times has 
Y< killed the tree.” Supplement Vol. II. of 
planting. 


And I obſerved that the dwarf 
pear-tree, whoſe root was ſet in water, in 


Exper. 7. decreaſed very much daily in the 


quantity imbibed ; vi. becauſe the ſap veſ- 
ſels of the roots, like thoſe of the cut off 
boughs, in the ſame experiment, were ſo 
ſaturated and clogged with moiſture, by 
ſtanding in water, that more of it could 


not be aun up: to __ the leaves. 


ExXvERIMENT III. 


From Fuly 28. to Aug. 25. 1 weighed fog ©. 


twelve ſeveral mornings and evenings, a 
thriving Vine growing in a pot; I was fur- 
niſhed, with this and other trees, from his 


Majeſty's garden at * court, by the 
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1 ; VL, egetable Sraticks, 
= Sow of the eminent Mr. Wiſe. This 
vine was prepared with a cover, as the Sun- 


flower was. Its greateſt perſpiration in 12 
hours day, was 6 Ounces + 240 grains; its 
middle en 5 ounces + 240 grains 


D to 91 cubick inches. 
The ſurface of its leaves was 18 20 ſquare 


inches, or 12 ſquare feet - 92 ſquare 


inches; whence dividing 9% cubick inches, 
by the area of the leaves it is found that 
737 part of an inch depth, perſpires off in 
12 hours day. 
The arcaof a e cut of its ſtem, 
was equal to 3 of a ſquare inch: hence the 
ſap's velocity here to its velocity on the ſur- 
face of the leaves, will be as 1820 X 4 — 
7280: 1. Then the real velocity of the ſap's 
motion in the ſtem is = = f = 38 inches 
in twelve hours. 
Ĩhis is ſuppoſing the ſtem to be a hollow 
0 tube: but by drying a large vine branch (in 
the chimney corner) which I cut off, in the 
bleeding ſeaſon, I found the ſolid parts were 
z of the ſtem; hence the cavity thro” which 
the ſap paſſes, being ſo much narrowed, its 
velocity will be 4 times as great, vig. 152 
inches in 12 hours. 


But 
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But it is further to be conſidered, that if 


the ſap moves in the form of vapor and 


not of water, being thereby rarified, its ve- 


locity will be increaſed in a direct propor- 


tion of the ſpaces, which the ſame quan- 
tity of water and vapor would occupy: 


And if the vapor is ſuppoſed to occupy 10 
times the ſpace which it did, when in the 


form of water, then it muſt move ten times 


faſtcr ; ſo that the fame quantity or weight 
of each may pals in the ſame time, thro' 


the ſame bore or tube: And ſuch allow- 


ance ought to be made in all theſe calcu- 


lations concerning the motion of the ſap in 
vegetables. 


* : 


 ExPERIMENT IV. 


From July 29. to Aug. 25. I weighed 
for 12 ſeveral mornings andevenings, apa- 


radiſe ſtock - Apple-tree, which grew in a 
garden pot, covered with lead, as the Sun- 
flower: it had not a buſhy head full of leaves, 
but thin ſpread, being in all but 163 leaves 
whoſe ſurface was equal to 1589 ſquare 


inches, or 11 ſquare feet & 5 ſquare inches, 
The greateſt quantity it perſpired in 12 
C 2 | hours 
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hours day, was 11 ounces, its middle quan- 


eſt perſpiration in 12 hours day was 8 ounces, 


tity 9 ounces, or 154. cubick inches. 


The 153 cubick inches perſpired, divided 
by the ſurface 1589 ſquare inches, gives the 
depth per{pired off the _— in 12 hours 
day, Vis. 757 Of an inch. 

The area ofa tranſverſe cut * its ina of 


an inch ſquare, whence the ſap's velocity 


here, will be to its velocity on the ſurface 


of the leaves as 1589 X 3 To 


: p 


ExPrRIMENT V. 


From uh 28, to Aug. $5; 1 weighed for 
10 ſeveral mornings and evenings a very 
thriving ' Limon-tree, which grew in a gar- 
den pot, and was covered as above: Its great- 


its middle perſpiration 6 ounces, equal to 


10 Cubick inches. In the night it perſpired 
ſometimes half an ounce, ſometimes nothing, 


and ſometimes increaſed 1 or 2 ounces in 
weight, by large dew or rain. 


The ſurface of its leaves was 2557 


ſquare inches; or 17 ſquare feet + 59 


ſquare inches; dividing then the 10 cubick 


inches perſpired by this ſurface, gives the 
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depth 5 eek in 12 hours day, VIS, x 


of an inch, 


. 


hours day. 


in a man, in a day 


rr in a ſunflower, 


80 the en "NED in a day and night. 


going perſpirations 
in equal areas are, 


A 


Ed a night. 
Is 
4 


| hours day. 
in an apple-tree, 
lin 12 hours day. 
in a limon: tree, 
tin 12 hours day. 
The area of the tranſverſe cut of the ſtem 
of this Limon-tree was = 1 . 44 of a 
ſquare inch; hence the ſap's velocity here, 


will be to its velocity on the ſurface of the 


== =1768. 


| 8 100 
leaves, as 1768 : 1 for — — 


This is ſuppoſing the whole ſtem to be a hol- 


low tube; but the velocity will be increaſed 
both in the ſtem and the leaves, in propor- 


tion as the paſſage of the ſap is narrowed I 


the ſolid parts. 
By comparing the very different degrees 
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we may obſerve, that the Limon - tree, which 


is an ever- green, perſpires much leſs than the 
Sunflower, or than the Vine or the Apple- 


tree, whoſe leaves fall off in the winter; 
and as they perſpire leſs, ſo are they the 
better able to ſurvive the winter's cold, 
becauſe they want proportionably but a very 


ſmall ſupply of freſh nouriſhment to ſup-, 


port them; like the exangueous tribe of 


animals, frogs, toads, tortoiſes, ſerpents, 


inſets, &c. which as they 1 


ſo do they live the whole winter without 


food. And this I find holds true in 12 


other different ſorts of ever-greens, on which 
I have made Expcriments. 


The above mentioned Mr. Miller made 
the like experiments in the Botanick-gar- 


den at Chelſea, on a Plantain- tree, an Aloe, 
and a Paradiſe Apple. tree; which he weigh- 
ed morning, noon, and night, for 1 
71 ſucceſſive days, I ſhall here inſert the di- 


| aries of them, as he communicated them to 


me, that the influence of the different tem- 
_ peratures of the air, on the perſpiration of 
theſc plants, may the better be ſeen. * 

The pots which he made uſe of were 
glazed, and had no holes intheir bottoms ag 


harden | 
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garden pots uſually have; ſo that all the 


moiſture, which was wanting in them upon 
weighing, muſt neceſſarily be imbibed, by 
the roots of thoſe plants, and thence 8 


ſpired off thro' their leayes, 


A diary of the perſpiration of the Mu fa 15 5 
bor, or Plantain- tree of the Weſt. Indies. 


The whole ſurface of the plant was 14 


| ſquare feet, 8 + + inches. The different | 
degrees of heat of the air are here noted 
by the degrees above the freezing point in 


M Thermometer, I d in Exper. 20. 


22 36 14361 


23 885 6 5b 
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+: 3. This plane 


ſmall fire in it; the aſ- 


South eaſt. 


uch this day, 
An extreme hot clear 


ay. 
Moderat ely hot, but clear. 


water poured into the 


Clouds. 
Much thunder ſume rain 
and hail at a diſtance. 


This evening 12 ounces of water were poured into the pot; and it was 
removed from the ſtove into a cool room, where it had a free air but no. 
Sun, the windows being North-welt. 
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in a ſtove, witha 


pect of the ttove was 
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1726|Weight| 3 Weight] [Weight] 2 | 
| 3 * 2 Ix | or 6 1% 

May.] Morn. |3 | Noon. B | Even. E 

| pd. ou.| pd. ou. pd. ou. 


24 37 oO |27 37 oo 272 36 157 — 
25 [37 oo z14 36 14326 136 13 3 A pretty clear day. 

M 2 25 36 10 24 |A hot day. 

27 136 103123 36 641207 36 6 25 A very hot day. 

28 36 6 22235 5 124 36 34 23 Some rain and cloudy- 


At this time, the under 


| 


29 [26 2 |20 36 252136 1 22 
30 36 1419 36 1 (21 36 oJ19 
June | ; 

1 635 15 |18 35 145192135 13318 

| | plant begins to chan 

SG | | | pos and appear ficke 

2 35 12 [19535 11323 35 11 15 W e ne the 

7 Re 1 Nt | lant into the ſtove av 
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Nr 
| fade, and in — or three Ma) 
S 35-10 28% 35 4 36 35 12134 ; the and cloudy day, 19 
45 fe ße (4 11 [9 una ce Wl 
il We may obſerve from this diary, that * 
i this plant, when in the ſtove, uſually per- 
1 ſpired more in ſix hours before noon than 
Wi in 6 hours after noon; and that it perſpired 
i 1 much leſs in the night than in the day time: 2 
5 And ſometimes increaſed in weight in the 
1 night, by imbibing the moiſture of the 
$ ambient air; and that both in the ſtove and 
in ä 
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in the cool room. Upon making an eſtimate _ 
of the quantity perſpired off a ſquare inch of 
this plant, in 12 hours day, it comes but to 
of a cubick inch; on the 18th day of 
May, when by far its greateſt perſpiration was; ; 
for on ſeveral other days! it Was much leſs. 


A 4 of the Aloe Africana Cauleſcens 
foliis ſpinoſis, maculis ab utraque parte al- 
bicantibus notatis, Commelini hort. Amſt. 
commonly called the Carolina Aloe. It 


not %s a large plant of its kind. It flood 
whole in a glaſs-caſe, which had a S outh » afpe@} 
2 | | N 
rficks without a fire. 
ed the : 
Ve av 1726 Weight 2 wer Weight a | 1 
cover at 6 | | at 12 at 8 8 
ES May.] Morn. | 3 | Noon, Night.|5 
pd. ou. | 25s 3 5 
day. 18 41 6 (35 [41 22 $ 41 3 304 
d the | 19 [41 13]283]40 14 314/40 12 130 
Go 20 140 12426440 10 31 40 851292]. 
hat 21 ſ 92127 140 6430 140 5% : 
44 2 I evenin i 
. * 252 we. * IM W ing _ rain, ee | 
Cl | | . 2 ä — 
lan : IE + * ſurface of the poe 
| | DO. Icdry, he ſet it ima the 
red . ö : giaſs-caſe again. | 
ne: 2 10 T 6429 e 5 [72nd bindered any t. 
he ; =p | | | | ther ohſervations. 
the We may obſerve, that this Aloe increaſed 
nd in weight moſt nights, and perſpired moſt in 


in the morning. A azary 


26 Diegetable Staticks. 


was open on all fides. 


18 [37 41 37 3 22 [37 1 120. 
19 67 1 [173]36 14 [21 [36 13319 | 
136 12 [187 

21 136 7 [17 6 5 [21436 4.20 
22 36 34183136 1 2436 2322 


nd become for 
want of dew. 7 
Then heremoved the 


were withered with the 
eat, and hung down as 
if they would fall off. 

At this time ſeveral 
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26 [34 9 28334 6334 [34 132 | All the leaves fallen 

27 133 75128 | ff. except a few ſmall 

| . nes, at the extremiries 

| | f the branches which 

i | | had put out, ſince the 

ö | lane was in the ſtove. 

jb | The earth it flood in 

ft | : | | | Jwas very moiſt all the 
[ | || er non 
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; In October I725. Mr. Miller took up an 
African Briony-root, which when cleared 


he laid it on a ſhelf in the ſtove, where it 
remained till the March following; when 
upon weighing he found it had loſt of its 
. OE | weight, 


A diary of a ſmall Paradiſc-Applc, uith one 
upright ſtem 4 feet high; and two ſmall | 
lateral branches about 8 inches long. This | 

plant flood under a cover of wood which | 


36 101 23 36 9 | 205 The leaves ve dry. 3 


jof the leaves began to 
I off. . beg | 


from the mould weighed eight ounces 2; 


eigl 
WO 


one eight. In April it ſhot out 4 branches, 
all wo of which were 33 feet long, the other 
This &wo were one of them 14 inches, the other 
hich p inches, in length: Theſe all produced 
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EXPERIMENT VI. 


Spear-mint being a plant that thrives moſt 


kindly in water, (in order the more ac- 
curately to obſerve what water it would 
imbibe, and perſpire by night and day, in 
wet or dry weather) I cemented at r a plant 


of it m, into the inverted ſyphon 7 y * 6 
(Fig. 2.) the ſyphon was + inch diam. at 6, 


but larger at 7. 
I filled it full of water, che plant imbib- 
ed the water ſo as to make it fall in the 


day, (in March) near an inch and half from 
inch from f 707: 
but one night, when it was ſo cold, as to 
make the Thermometer ſink to the freezing 
point, then the mint imbibed nothing, but 


6 to t, and in the night + 


hung down its head; as did alſo the young 
beans in the garden, their ſap being great- 
eh 


air large leaves, it had loſt 12 ounce in 
weight, and in three weeks more it loſt _ 
Et ounces more, and was much withered, 


2 * OP RE et R 8.8 
SIT 2 1 ane 
. 


2 F . e 8 nels, 


ly condenſed by cold. In a rainy day the 
mint imbibed very little. 
I purſued this Experiment no farther, Dr. 
 Waodward having long ſince, from ſeveral 

curious experiments and obſervations, given 
an account in the Philoſophical Tranſactions, 
of the plentiful perſpirations of this plant. 


EXPERIMENT VII. 


In Auguſt, I dug up a large dwarf Pear- 
tree, which weighed 71 pounds 8 ounces; 
I ſet its root in a known quantity of wa- 
ter; it imbibed 15 pounds of water in ten 
hours day, and perſpired at the ſame time 
15 pounds 8 ounces... - + 

In July and Auguſt I cut © off ſeveral 
branches of Apple-trees, Pear, Cherry, and 
Apricot-trees, two of a ſort; they were of 
ſeveral ſizes from; to 6 feet long, with pro- 
portional lateral branches; and the tranſverſe 
cut of the largeft part of their ſtems was a. 
bout an inch diameter. 

I ſtripped the leaves off of one beak of 
cach ſort, and then ſet their ſtems in ſepa- 


rate glaſſes, pouring in known n of 
Water, | 
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The boughs with leaves on them im- 


Pibed ſome 15 ounces, ſome 20 ounces 
5 or 30 Ounces in 12 hours day, more or 
is in proportion to the quantity of leaves 


hey were lighter than in the morning 
While thoſe without leaves imbibed bue 
dne ounce, and were heavier in the even- 
g than in the morning, they having per- 
pired little. 


The quantity imbibed by thoſe whch leaves 
decreaſed very much every day, the ſap 


eſſels being probably ſhrunk, at the tranſ- 


verſe cut, and too much ſaturate with wa- 


er, to let any more paſs; ſo that uſually in 
or 5 days the leaves faded and withered 
iuch. 


\ſpen, Curran, Goosberry; and Philbert 
branches; but none of theſe imbibed ſo 


eyer· greens "yy much leſs, 


EXPERIMENT. VIII. 


ae 15. I cut off a large Ruler pippiu. 


4 with 
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I repeated the FORE: experiment with zum 
branches, Oak, Ofier, Willow, Sallow, 


much as the foregoing, and ſeveral ſorts of 
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with two inches ſtem, and its 12 adjoining 


the 
leaves; I ſet the ſtem in a little viol of wall ih 
ter it imbibed and ones: in three day obſ 


z of an ounce. plot 
At the ſame time I cut off from the ſame 


an 
tree another bearing twig of the ſame length — 
with 12 leaves on it, but no apple; it in tha 


bibed i in the ſame three days near . of al the 


ounce. and 
About the fame time 1 ſet in a viol o gro 
water a ſhort ſtem of the ſame tree, wii vid 
two large Apples on it without leaves; theſſ for 


imbibed near 5 ounce in two days. 
So in this Experiment, the apple and the 
| leaves imbibe ; of an ounce; the leaves a 
lone near 2, but the two large apples imbib p 
ed and perſpired but + part ſo much as the nes 
12 leaves ; then one apple imbibed the ? part the 
of what was imbibed by the 12 leaves, there. ed 
fore two leaves imbibe and perſpire as muciW bot 
as one apple; whence their perſpiration wa 
ſeem to be proportionable to their ſurfaces, im 
the ſurface of the apple being nearly equal] wi! 
to the ſum of the upper and under ſurfaces - 
55 the two ene on 
Whence it is probable, har 4 ut of W int 
theſe leaves, (which are placed, juſt where W an; 
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the fruit joins to the tree) is to bring nou- 


riſhment to the fruit. And accordingly I ; 


obſerve that the leaves, next adjoining to 
bloſſoms, are, in the ſpring, very much ex- 


panded, when the other leaves, on barren 
ſhoots, are but beginning to ſhoot: And 
that all peach leaves are pretty large before 
the bloſſom goes off: And that in apples 
and pears the leaves are one third or half 


grown, before the bloſſom blows: So pro- 
vident is nature in making timely proviſion 


for the Ong the yet embrio fruit. 


Exper 110 ENT IX. 


Fuly 15. Icut off two thriving Hop- vines 


near the ground, in a thick ſhady part of 


the garden, the pole ſtill ſtanding; I ſtrip- 


ed the leaves off one of theſe vines, and ſet 
both their ſtems, in known quantities of 


water, in little bottles; that with leaves 


imbibed in 12 hours day 4 ounces, and thar 85 


without leaves + of an ounce. 


I took another hop pole with its vines 


on it, and carried it out of the hop ground. 


into a free open expoſure; theſe imbibed 
and perſpired as much more as the former 
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in the hop-ground: Which is doubtleſs 
the reaſon why the hop-vines on the out- 


ſides of gardens, where moſt expoſed to the 
air, arc ſhort and poor, in compariſon of | 


thoſe in the middle of the ground; viz. be- 


cauſe being much dried, their fibres harden | 
| ſooner, and therefore they cannot grow ſo 


kindly as thoſe in the middle of the ground 
which by ſhade arc always mw moiſter, and 
more ductile. 
Now there being 1000 hills in an acre 
of hop-ground, and each hill having three 
poles, and:cach pole three vines, the num- 
ber of vines will be 9000; each of which 
imbibing 4 ounces, the ſum of all the oun- 
ces, imbibed in an acre in 12 hours day, will 
be 36000 ounces, — 15750000 grains 
- 62007 cubick inches or 220 gallons ; which 
divided by 6272640, the number of ſquare 
inches in an acre, it will be found, that the 
quantity of liquor perſpired by all the hop- 
vines, will be equal to 12 arca of liquor, 
as broad as an acre, and +5 part of an inch 
deep, beſides what evaporated from the 
carth. 

And this quantity of moiſture in a 15 


ny ſtate of the air is is daily carried off, in 
2 ſuffi: 


a ſufficient quantity, to keep the hops in 


hops, ſo as to hinder in a good meaſure the 
kindly perſpiration of the leaves, whereby 


dy fen, which often ſpoils vaſt quantities of 


three half of July, after four months dry weather; 
num- Mupon which the moſt flouriſhing and pro- 
hich Imiſing hops were all infected with mold or 
oun- fen, in their leaves and fruit, while the then 


will poor and unpromiſing hops eſcaped, and 


produced plenty; becauſe they being ſmall, 


which did not perſpire ſo great a quantity as the 
quare others; nor did they confine the perſpired 
t the Napour, ſo much as the large thriving vines 


hop- id, in their ſhady thickets. 
quor, This rain on the then warm earth made 
inch the graſs ſhoot out as faſt as if it were in a 


1 the {Whot-bed; and the apples grew ſo precipi- 


ately, that they were of a very flaſhy conſti- 


kind- ution, fo as to rot more remarkably than 


ff, in ad ever been remembred. 
ſuffi⸗ + 8 


- . 
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a healthy ſtate; but in a rainy moiſt ſtate | 
of air, without a due mixture of dry wea- 
ther, too much moiſture hovers about the 


Sthe ſtagnating ſap corrupts, and breeds mol- 
flouriſhing hop-grounds. This was the caſe 


in the year 1723, when 10 or 14 days al- 
acre ¶ moſt continual rains fell, about the latter 
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34 Vegetable Staticls. 
The planters obſerve, that when a mold or 
fen has once ſeized any part of the ground, 
itt ſoon runs over the whole; and that the 
graſs, and ones herbs under the hops, are 
infected wich it. 


«c the ſame Es and Owe beſtow- 


i 
Probably becauſe the ſmall ſeeds of this 


| quick growing mold, which ſoon come to 

maturity, are blown over the whole ground: 
Which ſpreading of the ſeed may be the 
| reaſon why ſome grounds asc infected with 


fen for ſeveral years fucceſlively ; vis. from 


the feeds of the laſt year's fen: Might it not 


then be advifeable to burn the fenny hop- 


vines as ſoon as the hops are picked, in hopes 
thereby to . ſome of the ſeed of the 
mold: 


Xr. Auſtin of Coders obſerves fen 
<« to be more fatal to thoſe grounds that 


1. « are low and ſheltercd, than to the high 


and open grounds; to thoſe that are ſhel- 


c ving to the North, than to the ſhelving 
to the South; to the middle of grounds, 
than to the outſides; to the dry and 

4 gentle grounds, than to the moiſt and ſtiff 
« grounds. This was very apparent through - 


« out the Plantations, where the land had 


cc 5 


* 
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© cd upon it, and was wrought at the ſame 
« time; but if in either of theſe caſes there 
Was a difference, it had a different effect; 
and the low and gentle grounds, that lay 
ce neglected, were then ſeen leſs diſtemper- 
« cd than the open and moiſt, that were 
carefully managed and looked. after. 
The honey deus are obſerved to come 


4 about the 11 of June, which by the mid- 


te dle of July turn the leaves black and 
“ make them ſtink. | 
I have in Fuly (che ſeaſon for fre-blaſts, 
as the planters call them) ſeen the vines in 
the middle of a hop-ground all ſcorched 
up, almoſt from one end of a large ground 
to the other, when a hot gleam of Sun- 
ſhine has come immediately after a ſhower 
of rain; at which time the vapours are of- 


ten ſeen with the naked eye, but eſpecially 


with reflecting Teleſcopes, to aſcend ſo 
plentifully, as to make a clear and diſtinct 
object become immediately very dim and 
tremulous. Nor was there any dry gravel- 
ly vein in the ground, along the courſe of 
this ſcorch. It was therefore probably ow- 
ing to the much greater quantity of ſeor 
ing * in the middle than o tſides ol 

D 2 the 


verge a little toward the middle of the —_ 


3 6 Ve egetable 9 Abt 


the ground, and that being a denſer OY 
um, it was much hotter than a more rare 


N medium. 


And perhaps, the great due of 0 
ing vapour might make the Sun · beams con- 


that being a denſer medium, and thereby 
increaſe the heat conſiderably; for I obſery- 
ed, that the courſe of the ſcorched hops 
was in a line at right angles, to the Sun- 


beams about eleven a clock, at which time 
the hot gleam was: The hop-ground was 


in a valley which run from South-weſt to 
North-caſt : And to the beſt of my remem- 
brance there was then but little wind, and 


that in the courſe of the ſcorch; but had 
there been ſome other gentle wind, either 
North or South, tis not improbable but 

that the North wind gently blowing the 
Volume of riſing wreak on the South ſide 
of the ground, that ſide might have been 
moſt ſcorched, and ſo vice verſa. 


As to particular fire-blaſts, which ſcorch 
here and there a few hop-vines, or one or 
two branches of a tree, without damaging 
the next adjoining ; what Aſtronomers ob- 


7 ſerve, may hint to us a no very improbable 
| caulc 
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Vegetable Staticks,  - 


cauſe of it; vis. they frequently obſerve 


(eſpecially with the reffecting Teleſcopes) 


ſmall! ſeparate portions of pellucid vapors 


floating in the air; which tho' not viſible. to 
the naked eye, are yet conſiderably denſer 


than the circumambient air: And vapors of 


ſuch a degree of denſity may very proba- 
bly, either acquire ſuch a ſcalding heat from 
the Sun, as will ſcorch what plants they 
touch, eſpecially the more tender: an effect 
which the gardiners about London have too 
often found to their coſt, when they have 
incautiouſly put bell glaſſes over their Col- 


lyflowers early in a froſty morning, before 


the dew was cvaporated off them; which 


dew being raiſed by the. Sun's warmth, and 
confined within the glaſs, did there form 4 


denſe tranſparent ſcalding vapor, which burnt - 


and killed the plants. Or perhaps, the up- 
per or lower ſurface of theſe tranſparent ſe- 
parate flying volumes of vapors may, among 
the many forms they revolve into, ſometimes 
approach ſo near to a hemiſphere, or hemi- 


cylinder, as thereby to make the Sun- beams 


converge enough, often to ſcorch the more 


tender plants they ſhall fall on: And ſome- 


times alſo, Parts of the mare hardy plants 
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and trees, in proportion to the greater or 


leſs convergeney of the Sun's rays. © 


The learned Boerhaave, in his Theory ef | 


- Chemiſtry, Dr. Shaw's Edition, p- 245. ob- 


_ ce That thoſe white clouds which ap-- 


e 


ee 


ee pear in ſummer . time, are as it were ſo ma- 


ny mirrors, and occaſion exceſſive heat. 


Theſe cloudy mitrors are ſometimes 
round, ſometimes concave, polygonous, 


cc. when the face of heaven is covered 


with ſuch white clouds, the Sun ſhining 


among them, muſt of neceſſity produce a 
vehement heat; ſince many of his rays, 
which would otherwiſe, perhaps, never 
touch our earth, are hereby reflected to 
„ us; thus if the Sun be on one ſide, and 
the clouds on the oppoſite one, they will 
be perfect burning glaſſes. 


* I have ſometimes (continues he) ob- 
ſerved a kind of hollow clouds, full of 


hail and ſnow, during the continuance 


of which the heat was extreme; ſince by | 
ſuch condenſation they were enabled to - 
reflect much more ſtrongly. After this 


came a ſharp cold, and then the clouds 


diſcharged their hail in great quantity; 
to which ſucceeded a moderate warmth. 


ce Frozen 


fee 


V nl hs -- I. 


=— Frozen concave clouds therefore, by their 
« great reflections, produce a vigorous heat, 
« and the ſame when reſolved OG 
_ © cold. | 


ſioned by the reflections of the clouds, as 


well as by the above mentioned refraction 


of denſe tranſparent vapors. 
July 21. I obſerved that at that ſeaſon 


the top of the Sunflower being tender, and 
the flower near beginning to blow, that if 
the Sun riſe clear the flower faces towards 
the Eaſt; and the Sun continuing to ſhine, 
at noon it faces to the South; and at ſicx in 


the evening to the Weſt: And this not by 


turning round with the Sun, but by Nuta- 


tion; the cauſe of which is, that the ſide 


of the ſtem next the Sun perſpiring moft, it | 


ſhrinks, and this plant perſpires much. 


I have obſcrved the ſame in the tops of 


Feruſalem-artichokes, and of N _ 
in "ry hot Sun-ſhinc. 


EXPERIMENT X. 


July 2 27. I fired an . m, 3 
beck long, + inch diameter, full of leaves, 


Us 


Whence we fen that blaſts may be OCCa- 5 
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40 Vegetable Staticks. 


and lateral ſhoots to the tube r, » feet 


long, + of an inch diameter, (Fig. 2.) Ifil- 


led the tube with water, and then immerſed 


the whole branch as far as over the lower 
end of the tube, into the t un full of 
water. 2 


The water ſubſided 6 inches aha firſt two 


| a (being the firſt filling of the ſap veſ- 
ſols) and 6 inches the following: night, 4 


inches the next day; ; _ 2 8 the follow. 
ing night. | 221 

The third day in 5 morning | ook the 
3 out of the water, and hung it with 


the tube affixed to it in the open air; it im- 


bibed this day 27 + + inches in 12 hours. 
This Experiment ſhews the great power 


of perſpiration; ſince when the branch was 
immerſed in the veſſel of water, the 7 feet 
column of water in the tube, above the ſur- 


face of the water, could drive very little 
thro the leaves, till the branch was W 
to the open air. 

This alſo proves, that the 8 mat- 


ter of trees is rather actuated by warmth, 


and ſo exhaled, than protruded by = force 
of the ſap PTE 


And 


bigaall- Sant 8 1 


And this holds true in animals, for the 
perſpirstian in them is not always greateſt 
in the greateſt force of the blood; but then, 


often leaſt of all, as in fevers. 

I have fixed many other branches in the 
ſame: manner to long tubes, without im- 
merſing them in water; which tubes, being 


filled with water, I could ſce preciſely, by 1 
the deſcent of the water in the tube f, how 


faſt it perſpired off; and how very little per- 


ſpired in a rainy day, or when there were 
no leaves on the branches. 


ExPERIMENT XI. 


Aug. 17. At 11 4: 1, I cemented to 


the tube a 6 (Fig. 4.) 9 feet long, and & inch 
diameter, an Apple- branch d, 5 feet long, 
inch diameter; I poured water into the tube, 
which it imbibed plentifully, at the rate of 
3 feet length ef the tube in an hour. At 


I a clock I cut off the branch at c, 13 inches 
below the glaſs tube. To the bottom of 
the remaining ſtem I tied a glaſs ciſtern æ, 
covered With ox- gut, to keep any of the 


water which dropped from the ſtem c ᷣ from 


evaporating. | At the ſame time I ſet the 


branch 
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42 — Seavicks. 
branch d r which I had cut off in a known 
quantity of water, in the veſſel x, (Fig. 5.) 


the branch in the veſſel x imbibed 18 oun- 


ces of water in 18 hours day and 12 hours 
night; in which time only 6 onnces of wa- 
ter had paſſed thro' the ſtem e 6 (Fig. 4.) 


which had a column of water 7 feet high, 


pre ſſing upon it all the time. 

This again ſhews the great power of per- 
ſpiration; to draw thrice as much water, 
in the ſame time, through the long ſlender 

parts of the branch v (Fig. 5.) as was preſſed 


thro' a larger ſtem c (Fig. 4.) of the ſame 


branch ; but 13 inches long, with 7 fect 
preſſure of water upon it, in the tube 4b. 


I tried in the fame manner another Ap- 
ple-branch, which in 8 hours day imbibed 
20 ounces, while only 8 ounces paſſed thro' | 


the ſtem eb, (Fig. 40 _”_ had-the column 
of water on it. 

I) be ſame tried with a quince tend 
which in 4 hours day imbibed 2 ounces , 
while but + ounce paſſed thro the ſtem c 


Eig. 4.) which had 9 feet wayne of water 


: Preſſing on it. 


0 were — the mw 35 before the 
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ſtem could be any thing ſaturate with wa- 
ter, or the ſap · veſſels een ſo as to hin- 
der its Paſſage. | 


TOWER © XII. 


I cut off from a dwarf Apple- tree ew the 
top of the branch , (Fig. 6.) which was an 
inch diameter, and fixed to the ſtem the 
glaſs tube /b: then I poured water into the 
tube, which the branch would imbibe, at 
ſuch a rate as to drink down 2 or; pints in 
2 day, eſpecially if I ſucked with my mouth 
at the top of the tube &, ſo as that a few air 
bubbles were drawn out of the ſtem /; then 
| the water was imbibed ſo faſt, that if I im- 
mediately ſcrewed on the mercurial gage, 
my y Z, the mercury would be drawn up 
| to r, 12 inches higher than in the other 
leg. | | 55 
At another time I poured into the tube J, 
fixed to a golden Renatc-trec, a quart of 
high rectified ſpirit of wine camphorated, ' 
which quantity the tem imbibed in 3 hours 
ſpace; this killed one half of the tree: thisI 
did to try if I could give a flavour of cam- 
phire to the apples which were in great 


plenty 


44 ee . 
plenty on the branch. I could not perceive 

any alteration in the taſte of the apples, tho 
they hung ſeveral weeks after; but the ſmell 
of the camphirc was very ſtrong in the 
ſtalks of the leaves, and in every part of the 

dead branch. 
I made the ſame experiment on a vine, 
with ſtrongly- ſcented orange - flower · water; 


the event was the ſame, it did not penetrate 


into the. grapes, but very ſenſibly into the 
wood and ſtalks of the leaves. | 
I repeated the ſame experiment on two 
diſtant branches of a large Catharing pear- 
tree, with ſtrong decoctions of Saflafraſs, 
and of Elder-flowers, about 30 days before 
the pears were ripe; but I could not perceive 
any taſte of the decoctions in the pears. - 
Tho' in all theſe caſes the ſap-veſſels of 
the ſtem were ftrongly impregnated with 
a good quantity of theſe liquors ; yet the 
capillary ſap-veſſels near the fruit were ſo 
fine, that they changed the texture of, and 
aſſimilated to their own ſubſtance thoſe high 
taſted and perfumed liquors; in the ſame 
manner as graffs and buds change the yery 
different ſap of the ſtock to that of their | 
n ſpecifick nature. * 
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This experiment may ſafely be repeated 
with well ſcented and perfumed common 


water, which trees will imbibe at 11 with- 
out any danger of killing them. 


EXPERIMENT XIII. 


In order to try whether the capillary ſap- 5 
veſſels had any power to protrude ſap out 
at their extremities, and in what quantity, I 
made the three following experiments, vis. 

In Auguſt I took a cylinder of an apple- 
branch, 12 inches long 2 diameter: I ſet it 
with its great end downwards i in a mint glaſs, 
(full of water) tycd over with ox-gur, The 
top of the ſtick was moiſt for ten days, while 
another ſtick of the ſame branch (bur out 
of water) was very dry. It evaporated an 
ounce of water in thoſe ten days. 


EXPERIMENT XIV. 


In Sept. I fix d a tube 7 (Fig. 7.) 7 feet 

long, to a like ſtem /, as the former, and 

ſet the ſtem in water æ, to try if, as the wa- 

ter evaporated out of the top of the ſtem r, 

it would riſe to = ts in the tube ?; but 
- 4 | | it 
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it did not riſe at all in the tube, tho' the 

top of the ſtem was wet: I then filled the 
tube with water, but it paſſed freely into 
: the yell x. 


Exrzar MENT. xy. 


Sept. 10. 2 + f fect from the OUS" I 


cut off the top of a half ſtandard Duke Cherry. 
tree againſt a wall, and cemented on it the 
neck of a Florence flask f, (Fig. 8.) and to 
that flask neck a narrow tube g, five fect 


long, in order to catch any moiſture that 


ſhould ariſe out of the trunk y; but none 

aroſe in four hours, e a little vapor that 
was on the flask's neck. 

l then dug up the tree by the roots, and 


| ſer the root in water, with the glaſſes affixed 


to the top of the ſtem; after ſeveral hours 
nothing roſe but a little dew, which hung 
on the inſide of F; yet it is certain by many 
of the foregoing experiments, that if the 
top and leaves of this tree had been on 
many ounces of watcr would in this time 
have paſſed thro' the trunk, and been eva- 
ed thro' a leaves. 


[ have 
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the ſeveral vine branches cur off, and ſet in 
ato water thus, but no water roſe inte f. 


Theſe three laſt experiments all ſhew, that 


tho' the capillary ſap veſſels imbibe moiſture 
plentifully; yet they have little power to 


protrude it farther, without the aſſiſtance f 
the perſpiring leaves, which do — ** 


mote its . 


Expex1NuENT XVI. 


In nes to try whether any ap * 


dipped their tranſverſe cuts in melted ce- 


thro the wounds; I tyed them in ſeparate 
bundles and weighed them. 


(ſome part of which were very wet, bat 


part of their whole weight. 


e — | The 


47 
the I have tryed the ſame experiment with 


the winter, 1 took in January ſeveral par- 
cels of Filberd-· ſuckers, Vine- branches, green 

Jeſſamine- branches, Philarea and Laurel- 
branches, with their leaves on them, and 


ment, to prevent any moiſture's evaporating 


The Filberd-ſuckers decreaſed in 8 days 


the laſt ; or 4 days drying wine) the 11th. 


This Vine cutting: in pſy time the : 
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? The Jeſſamine in the fame time the a part. 
The Philarea decreaſed the 4 part. in five 


[wy 1 
- The Laurel the; port in 5 Jays, ln more. 


Here is a conſiderable daily waſte of ſap, 


which muſt therefore neceſſarily be ſupplied 
from the root; whence it is plain that fome 
fap riſcs all the winter, to ſupply this con- 


tinual waſte, tho'in much leſs quacky than 


in ſummer. 


Hence we ſee good reaſon why che Ilex 
and the Cedar of Libanus (which were graft- 


cd the firſt on an Engliſb- oak, the other on the 
| Larix) were verdant all the winter, notwith- 
ſanding the Oak and Larix leaves were de- 
cayed and fallen off; for tho' when the win- 
ter came on, there did not ſap cnough riſe 
to maintain the Oak and Larix leaves, yet by 

this preſent experiment we ſec, that ſome 


fap is continually riſing all the winter; and 
by experiment the 5th on the Limon-tree, 
and by ſeveral other the like experiments, on 


many ſorts of ever-greens, we find that they 
perſpiring little, live and thrive with little 
nouriſhment ; the Ilex and Cedar might 
well therefore continue green all the win- 


_ ter, norwithilanding the leaves of the trees 


x . they 
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they were grafted on fell off. See the late 


curious and induſtrious Mr. Fairchilds ac- 
count of theſe graftings in Mr. Miller's 


Gardiner: Dene, TOs II. S "RR 


Ke 


ExPEXIME NT XVII. 
Having by many evident prooſs in the 


foregoing experiments ſeen the great quan- 


tities of liquor that were imbibed and per- 
ſpired by trees, I was deſirous to try if I 
could get any of this perſpiring matter; 
and in order to it, I took ſeveral glaſs chy- 
mical retorts, 6 4 5 (Fig. 9.) and put the 
boughs of ſeveral ſorts of trees, as they 
were growing with their leaves on, into 
the retorts, ſtoping up the mouth p of the 
retorts with bladder. By this means I got 
ſeveral ounces of the perſpiring matter of 


Vines, Fig-trees, Apple-trees, Cherry- trees, 


Apricot and Peach-trees; Rue, Horſe-radiſh, 
Rheubarb, Parſnip, and Cabbage leaves: 
the liquor of all of them was very clear, 
nor could I diſcover any different taſte in 

the ſeveral liquors: But if the retort ſtand 
expoſed to the hot ſun, the liquor will 
taſte of the coddled leaves. Its ſpecifick 


l Was nearly the ſame with that of 
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common water; nor did I find many air 
bubbles in it, when placed in the exhauſted 
receiver, which I expected to have found; 


: carth, 
_ trampled on; it weighed (after deducting 
. the welch of the containing veſſel) 104 


but when reſerved in open viols, it ſtinks 
ſooner than common water; an argument 


that it is not pure water, but has ſome he- 
terogeneous mixtures with it. | 


I put alſo a large ee full blown, 


| and as it was growing, into the head of a 
glaſs-ſtill, and put its roſtrum into a bottle, 
by which means there diſtilled a good quan- 


tity of liquor into the bottle. It will be 


very caſy in the ſame manner to collect the 
perſpirations of ſweet ſcented Flowers, tho 


the liquor will not long retain its grateful 


odor, but ſtink in few days. 


ExPERIMENT XVIII. 


In order to find out what ſtores of moi- 


ſture nature had provided in the earth, (a- 


gainſt the dry ſummer ſeaſon) that might 


anſwer this great expence of it, which is ſo 


neceſſary for che e Nc and ſupport of 
vegetables. 


July 31. 1724. 1 dug up a cubick foot 
in an alley which was very little 


pounds 
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pounds 4 ounces . A cubick war of 
water weighs nearly 62 pounds, which is 
little more than half the ſpecifick gravity 
of earth. This was a dry ſcaſon, with a 
mixture of ſome few ſhowers, ſo that the 
| graſs-plat adjoining was not burnt up. 
At the ſame time I dug up another cubick 
foot of earth, from the bottom of the for- 
mer, it weighed 106 pound 6 ounces -þ +. 
I dug up alſo a third cubick foot of earth, 
at the bottom of the two —— it weighed 5 
111 pounds + 2. 
Theſe three feet depth were a good brick 
earth, next to which was gravel, in which 
at 2 feet depth, viz. 5 feet below the ſur- 
face of the earth, the ſprings did then run. 
When the firſt cubick foot of earth was 
ſo dry and duſty, as to be unfit for vegeta- _ 
tion I weighed it, and found it had loſt 
6 pound ＋ 11 ounces, or 194 cubick in- 
ches of water, near + part of its bulk. 
Some days after, the ſecond cubick foot 
deing dryer than either the firſt or third, 
was decreaſed in weight 10 pounds. = 
The third cubick "foot; being very dry 
and duſty, had loſt 8 pounds $ OUNCES, or 
247 cubick inches, VIS. + part of its 
bulk, N 
| E 2 Now 


= A£ oa . 1 


Now ſuppoſi ing the roots of the Sunflower 


(che longeſt of which reached 15 inches eve- 


ry way from the ſtem) to occupy and draw 
nouriſhment from 4 cubick feet of earth, 


and ſuppoſe each cubick foot of earth to 


afford 7 pounds of moiſture, before it be 


too dry for vegetation; the Plant imbibing 
and perſpiring 22 ounces every 24 hours, 
that will be 28 pounds of water, which will 


be drawn off in 21 days and 6 hours; after 
which the Plant would periſh if there were 


not freſh ſupplies to theſe 4 cubick feet of 
earth, either from dew or moiſture ariſing 
from bclow x5 inches (the depth of the 


roots) up into the carth occupied oy the 
roots. 


EXPERIMENT XIX. 


5 1 order to find out the quantity of — 
that fell in the night, Ang, I5.at 7. p. m. I 

choſe two glazed earthen Pans, which were 
3 inches deep, and 12 inches diameter in 


ſurface; I filled them with pretty moiſt earth 
taken off the ſurface of the earth. I ſet 


| theſe Pans in other broader Pans, to pre- 
vent any moiſture from the carth ſticking 
to the bottoms of them. The moiſter the 
. the more 8 there falls on it in a 
: | night, 


ne. 
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night, and; more than a double quantity of 
Dew falls on a ſurface of water, than there 
does on an equal ſurface of moiſt earth. 
The evaporation of a ſurface of water in 
9 hours winter's dry day is r of an inch. 
The evaporation of a ſurface of ice, ſet in 
the ſhade during 9 hours day, was +. 


Theſe Pans increaſed in weight by the 


night's Dew 180 grains; and decreaſed in 


weight by the evaporation of the day 


I ounce, 282 grains. So here are 540 
grains more evaporated from the earth every 
24 hours in ſummer, than falls in Dew in 
the night; that is, in 21 days near 26 ounces, 


from a Circular area of a foot diameter; 


and circles being as the ſquares of their dia- 


meters, 10 pounds -þ 2 ounces will in 21 
days be evaporated from the hemiſphere of 


zo inches diameter, which the Sunflower's 
root occupies: Which with the 29 pounds 


drawn off by the Plant in the ſame time, 
makes 39 pounds, that is, 9 pounds and -. 
out of every cubick foot of earth, the 


Plant's roots occupying more than 4 cubick f 


feet; but this is a much greater degree of 
dryneſs than the ſurface of the earth ever 


ſuffers for 15 inches depth, even in the dry. 


eſt leaſons in this country. 5 
23 1 
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In a long dry ſeaſon, therefore, eſpecially 
within the Tropicks, we muſt have recourſe 
for ſufficient moiſture (to keep Plants and 
Trees alive) to the moiſt ſtrata of earth, 


which lay next below that in which the 
roots are. Now moiſt bodies always com- 


municate of their moiſture to more dry 
adjoining bodies; but this flow motion of 


the aſcent of moiſture is much accelerated - 


by the Sun's heat to conſiderable depths in 
the earth, as is probable from the following 
20th Experiment. 

Now 180 grains of Dew falling in one 


night, on a circle of a foot diameter, = 


113 ſquare inches; theſe 180 grains being 
equally ſpread on this ſurface, its depth 
| RD 180 

| II3X254 
I found the depth of Dew in a winter night 
to be the part of an inch; ſo that if we 
allow 151 nights for the extent of the ſum- 


will be = part of an inch = 


mer's Dew, it will in that time ariſe to one 


inch depth. And reckoning the remaining 
214 nights for the extent of the winter's 
Dew, it will produce 2. 39 inches depth, 


which makes the Dew of the whole year 


amount to 3. 39 inches depth. 
And the e which evaporated i in 4 


faite I 


r's 


par - 
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fair ſummer' s day from the ſame ſurface, be- 


ing 1 ounce ＋ 282 grains, gives , part of 
an inch depth for evaporation, which is 


four times as much as fell at night. 


I found, by the ſame means, the evapo- 
ration of a winter's day to be nearly the 
ſame as in a ſummer's day; for the carth 
being in winter more ſaturate with moi- 


ſture, that exceſs of moiſture anſwers to Tone 
exceſs of heat in ſymmer. 


Nic. Cruquins, No 381. of the Philoſo- 


phical Tranſactions, found that 28 inches 


en eee in a whole year from wa- 
ter, i. e. Ar of an inch each day, at a mean 
rate; but the earth in a ſummer's day evapo- 
rates - of an inch; fo the evaporation of 
a ſurface of water, is to the evaporation of 
a ſurface of earth in ſummer, as 10: 3. 

The quantity of Rain which falls in a 


year is at a medium 22 inches: The quan- 


tity of the carth's evaporation in a year is 
at leaſt 9g +- 4 inches, ſince that is the rate, 


at which it evaporates in a ſummer's day: 


From which 9 + 4 inches is to be deduct- 


ro 39 inches for circulating daily Dew; 


there remains 6. 2 inches, which 6. 2 inches 


deducted from the quantity of Rain which 


falls! in a year, there remains at leaſt 16 inches 


as  - — 9 vaticks. 


depth, to repleniſh the carth with moiſture 
for vegetation, and to ſupply the ”"m— 


and Rivers. | 
In the caſe of the ow: ground, the eva- 
poration from the hops may be conſidered 


only for three months at +57 ag of an inch 


_ each day, which will be + of an inch; 
but before we allow 6. 2 inches vapor to 


evaporate from the ſurface of the ground, 


- Inch, gives 7. 1 inches, 
which is the utmoſt that can be eyaporated 


which added to 


from a ſurface of hop- ground in a year. So 


that of 22 inches depth of rain, there re- 
mains 15 inches to ſupply ſprings; which 


are more or leſs exhauſted, according to 


the dryneſs or wetneſs of the year. Hence 
we find that 22 inches depth of rain in a 
year is ſufficient for all the purpoſes of na- 
ture, in ſuch flat countries as this about 
Teddington near Hampton. Court. But in 


the hill countries, as in Lancaſhire, there 


falls 42 inches depth of rain-water; from 
which deducting 7 inches for evaporation, 
there remains 35 inches depth of water for 


the ſprings; beſides great ſupplies from much 
more plentiful dews, than fall in plain coun- | 


tries: Which vaſt ſtores ſeem ſo abundantly 


ſuſhcient to anſwer the great quantity of 
Pater, 


. 


water, which is conveyed away, by ſprings 


and rivers, from thoſe hills, that we need 


not have recourſe, for ſupplies, to the great 
Abyſs, whoſe ſurface, at high water, is ſur- 


thoſe vaſt hills from whence the longeſt and 
greateſt rivers take their riſe. 


EXPERIMENT XX. 


TE I provided me fix Thermometers, whoſe 
) ſtems were of different lengths, viz. from 


5 18 inches to 4 feet. I graduated them all 
by one proportional ſcale, beginning from 


fixed as the utmoſt boundary of vegetation 
on the ſide of cold, where the work of ve- 
gctation ceaſes, the watry vehicle beginning 
then to condenſe and be fixed; tho many 
trees, and ſome plants, as graſs, moſs, &c. 
do ſurvive it; yet they do not vegetate a at 
that time. 

The greateſt degree of heat, which Iat 
firſt marked on my Thermometers, was equal 
to that of water, when heated to the great- 
eſt degree that J could bear my Hand in it, 
without ſtirring it about. But finding by 

experience, that plants can endure, with: 


> OO wv 


mounted ſome hundreds of feet by ordi- 
nary hills, and ſome thouſands of feet by 


the freezing point; which may well be 
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out prejudice, a ſomething greater Heat 


than this, I have pitched upon the heat in 
which melted wax ſwimming on hot water 


firſt begins to coagulate; for ſince a greater 


heat than this will diſſolve the wax, which 
is a vegetable ſubſtance, this may therefore 


well be fixed as the utmoſt boundary of ve- 


getation, on the warm ſide ; beyond which 


plants will rather fade than vegetate, ſuch 


degree of heat ſeparating and diſperſing, in- 


ſtead of congregating, and 8 the nu- 


tritive particles. 


This ſpace I divided into a 100 degrees 


on all the Thermometers, beginning to num- 
ber from the freezing point. 
theſe degrees is nearly equal to the heat of 
the blood of animals; which I found by 
the rule given in the Philoſophical Tranſ- 


a4 tions, Vol. II. p. 1. of Mr. Motte's Abridg- 
ment, which is ſuppoſed to be Sir Iſaac 


| Newton's eſtimate, vis. by placing one of 
the Thermometers in water heated to the 
greateſt degree that I could bear my hand 
in it ſtirring it about: And which I was 
further aſſured of, by placing the ball of my 
Thermometer in the flowing blood of an ex- 
piting Ox. The heat of the blood to that 
of boiling water is as 14 ah r to 33. 


Sixty four of 


2 Static. 59 
By placing the ball of one of theſe Ther- 


pit, I found the external heat of the body 
54 of theſe degrees. The heat of milk, as 


hit comes from the Cow, is equal to 55 de- 
re grees, which is nearly the ſame with that 


e- I for hatching of eggs. The hear of urine 
ch 58 degrees. The common temperate point 
ch in Thermometers is about 18 degrees. 


n- The hotteſt Sun-ſhine in the year 1727 


u- raiſed the ſpirit in the Thermometer expoſed 


to it, 88 degrees; a heat 24 degrees greater 


ees than that of the blood of animals: And 


m- tho plants endure this and a conſiderably 
of greater heat within the tropicks, for ſome 


hours each day, yet the then hanging of the 
| could not long ſubſiſt under it, were they 


evening and night, 
The common noon-tide heat in the Sun 


the air in the ſhade in July is at a medium 
38 degrees. The May and June heat is from 


the generality of plants, in which they flou- 
tiſn moſt, and make the greateſt progreſs in 
7 meir growth. The autumnal and vernal 
By - 5 heat 


mometers in my boſom, and under an arm- 


leaves of many of them ſhews that they 


not frequently refreſhed by the ſucceeding 
in July is about 50 degrees: The heat of 


17 to 30 degrees; the moſt genial heat for 
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heat may be reckoned from 10 to 20 de- rio 
grees. The winter heat from the freezing to 
point to 10 degrees. wh 
The ſcorching heat of a hot-bed of horſe- Sto 

| dung, when too hot for plants, is equal to Wh. 
85 degrees and more, and hereabout is pro- plai 
bably the heat of blood in high fevers. I kin 


The due healthy heat of a hot-bed of on 
horſe-dung, in the fine mold, where the Sree 
roots of thriving Cucumber-plants were, J Mel 


in Feb. was equal to 56 degrees, which is Eup 
nearly the boſom heat, and that for hatch- dian 
ing of eggs. The heat of the air under the tles; 
glaſs-frame of this hot-bed was equal to NM 
34 degrees; ſo the roots had 26 degrees * <a) 
more heat than the plants above ground. tom 
The heat of the open air was then 17 de- of x: 
grees. ED wint 
It is now grown a common and very rea- fiſÞ bove 
ſonable practice, to regulate the heat of of ea 
ſtoves and green houſes, by means of Ther- P. 54. 
mometers hung up in them. And for Ir 
greater accuracy, many have the names of I Ally, 
ſome of the principal exoticks written up- I umb 


on their Thermometers, over-againſt the ſc- Sou 
veral degrees of heat, which are found by ef nut 
experience to be propereſt for them. And 


1; am informed: that many of the moſt cu- aumb 
rious M 


Vegetable Statick 61 
„ rious Gardiners about London have agreed 
to make uſe of Thermometers of this ſort; 
which are made by Mr. John Fowler in 
 Swithins-Alley, near the Royal. Exchange; 
which have the names of the following 
plants, oppoſite to their reſpective moſt 


mometers anſwer nearly to the following de- 
grees of heat above the freezing point, vis. 


dian- fig 1 6+, Ficoides * Oranges = NE 
tles: 


to Mr. Boyle, 6 bang a Thermometer in 


a cave which was cut ſtrait into the bot- 
nd. tom of a cliff, fronting the Sea, to the depth 


gc. of 130 feet, found the ſpirit ſtood, both in 


winter and ſummer, at à ſmall diviſion a- 
bove temperate; the cave had 80 feet depth 
of earth above it. Boyle's Works, Vol. UI. 
p-. 54. | 

I marked my 6 ix T numeri- 
cally, 1, 2, 3, 4, 5, 6. The Thermometer 


a South aſpect, in the open air; the ball 


numb. 4, 8 inches; numb. 5, 16 inches; and 


kindly degrees of heat; which in my Ther. 


Melon: thiſtle 31, Ananas 29, Piamento 26, 
Euphorbium 24, Cereus 215, Aloe 19, In- 


numb. 1, which was ſhorteſt, I placed with 
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of numb. 2, I ſet two inches under ground; 
that of numb. 3, four inches under ground; 


F h : - numb, | 
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numb. 6, 24 inches under ground. G4 that 
the heat of the earth, at theſe ſeveral depths, 
may the more accurately be known, it is 


proper to place near each Thermometer a 


glaſs- tube ſealed at both ends, of the ſame 
n with the ſtems of the ſeveral Ther- 


mometers; and with tinged ſpirit of wine 


in them, to the ſame height, as in each 
correſponding Thermometer ; the ſcale of 


degrees, of cach Thermometer, being mark- 


cd on a Qiding ruler, with an index at the 


back of it, pointing to the correſponding 


tube. When at any time an obſervation is 
to be made, by moving the index, to point 
ro the top of the ſpirit in that tube, an ac- 


- curate allowance is hereby made, for the 


very different degrees of heat and cold, on 


theſtems of the Thermometers, at all depths: 


by which means the ſcale of degrees will 


ſhe w truly the degrees of heat in the balls 


of the Thermometers, and conſequently, the 
reſpective heats of the earth at the ſeveral 


depths where they are placed. The ftems 


of theſe Thermometers, which were above 


ground, were fenced from weather and in- 
juries by ſquare wooden tubes; the ground 


they were placed in was a brick carth in 
the middle of my . 
J 


their riſe and fall, During the following 


is month of Auguſt, I obſerved that when 
a the ſpirit in the Thermometer numb. 1, 
ne | (which was expoſed to the Sun) was about 


er- noon riſcn to 48 degrees, then the ſecond 


ne | Thermometer was 45 degrees, the fifth 33, 
ch and the ſixth 31 ; the third and fourth at 


of intermediate degrees. The fifth and fi xth. 


rk- Thermometer kept nearly the ſame degree 


the of heat both night and day, till towards 


ing che latter end of the month; when as the 


n is days grew ſhorter and cooler, and the nights 
oint longer and cooler, they riley tell to 25 and 
27 degrees. 


Now, ſo conſiderable a heat of the Sup? 
at two feet depth, under the earth's ſurface, 


muſt always be aſcending, during the warm 
night and day: The impulſe of the Sun- 


ticles, when ſeparated and rarified by heat, 
40 aſcend in the form of vapour: And the 


1 a vigour 


| Faegnable Sha RY - 
July 30. 1 began to keep a regiſter of 
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muſt needs have a ſtrong influence in raiſ- 
ing the moiſture at that and greater depths; 
whereby a very great and continual wrea 


ſummer ſeaſon, by night as well as day; for 
the heat at two feet depth is nearly the ſame 


beams giving the moiſture of the earth a 
brisk undulating motion, which watery par- 
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| Ml | 3 of warm and confined vapour, (ſach ; f 
ih as is that which is 1, 2, or 3 fcet deep in be 
the earth) muſt be very conſiderable, ſo as th 
to penetrate the roots with ſome vigour; pr 

as we may reaſonably ſuppoſe, from the fre 

vaſt force of confined vapour in Molipiles, ex 


in the digeſter of bones, and the en to 
raiſe water by fire. | 
If plants were not in chis manner r ſup- 
plied with moiſture, it were impoſſible for 
them to ſubſiſt under the ſcorching heats 
within the tropicks, where they have no 
rain for many months together: For tho 
the dews are much greater there, than in 
theſe more Northern climates; yet doubtleſs 
where the heat ſo much exceeds ours, the 
whole quantity evaporated in a day there, 
does as far exceed the quantity that falls 
by night in dew, as the quantity evaporat- 
ed here in a ſummer's day, is found to ex- 
ceed the quantity of dew which falls in the 
night. But the dew, which falls in a hot 
ſummer ſeaſon, cannot poſlibly be of any 
benefit to the roots of trees; becauſe it is 
remanded back from the carth by the fol- 
lowing day's heat, before ſo ſmall a quanti. 
ty of moiſture can have ſoaked to any con- 
2 ſiderable ow The great — there 
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h fore of dew, in hot weather, muſt be, by 


in being plentifully imbibed into vegetables; 


thereby not only refreſhing them for the 


rs preſent, but alſo furniſhing them with a 
he freſh ſupply of moiſture towards the great 
es, expences of the ſucceeding day. 
to Tis therefore probable, that the roots of 
8 trces and plants are thus, by means of the 
1p- Sun's warmth, conſtantly irrigated with 
for I freſh ſupplies of moiſture ; which, by the 
ats ſame means, inſinuates it ſelf with ſome - 
no I vigour into the roots. For if the moiſture 


ho of the earth were not thus actuated, the roots 
7 muſt then receive all their nouriſhment 
meerly by imbibing the next adjoining 
moiſture from the earth; and conſequent- 
ly the ſhell of earth, next the ſurface of the 
roots, would always be conſiderably drier 


not obſerved to be ſo. And by Exper. 18, 
and 19, the roots would be very hard put to 


it to imbibe ſufficient moiſture in dry ſum- 
mer weather, if it were not thus conveyed 
to them, by the penetrating warmth of the 
Sun: Whence by the ſame genial hear, in 


bodics and branches of vegetables, and 
F dthence 


the nearer it is to the root; which I have 


conjunction with the attraction of the ca- 
pillary ſap veſſels, it is carried up thro' the 
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1 * Pagerable Seavieks, 


| thence alibi into the leaves, it is there 
moſt vigorouſly ated upon, in thoſe thin 
plates, and put into an undulating motion, 
by the Sun's warmth, whereby it is moſt 
plentifully thrown off, and perſpired thro 
their ſurface; whence, as ſoon as it is diſ- 
intangled, it mounts with great rapidity in 
the free air. 
But when, towards the latter end of Oc- 
tober, the vigour of the Sun's influence is 
ſo much abated, that the firſt Thermometer 
Was fallen to; degrees above the freezing 
point, the ſecond to 10 degrees, the fifth 
to 14 degrees, and the ſixth Thermometer to 


1s degrees; then the brisk undulations of 


the moiſture of the earth, and alſo of the 
aſcending ſap, much _—— the wm } 


| : fadcd and fell off. 


Ihe greateſt degree of cold, in the fol 
lowing winter, was in the firſt 12 days of 
November; during which time, the ſpirit in 
the firſt Thermometer was fallen 4 degrees} 
below the freezing point, the deepeſt Ther- 
mometer 10 degrees, the ice on ponds was 
an inch thick. The Sun's greateſt warmth, atY 
| the winter ſolſtice, in a very ſerene, calm, 
_ froſty-day, was, againſt a South aſpect of a 
| nll, 19 degrees, and in a free open air, but 
2 3 Wh de 


9 


—— Stavieks. "2 7 


e 1 degrees above the freezing point. From 
1 the 10th of January to the 29th of March 


Wheat was generally the fineſt that was 
ever remembred. But from the 29th of 
Marth 1725, to the 29th of September fol- 
lowing, it raincd more or leſs almoſt eyery 
day, except ten or twelve days about the 
beginning of July; and that whole ſeaſon 
continued ſo very cool, that the ſpirit in 
the firſt Thermometer roſe but to 24 degrees, 


Sunſhine ; the ſecond only to 20 degrees; 
the fifth and ſixth to 24 and 23 degrees, 


with very little variation: So that during 


which were but two inches under ground : 


thro' this whole ſummer, both above and 


of the middle of the preceding Seprember. 
The year 1725, having been, both in this 
Iland, and in the neighbouring Nations, 
moſt remarkably wet and cold ; and the 
year 1723, in the other extreme, as remark- 
| ably dry, as has ever been known; it may 


was a very dry ſeaſon; when the green 


except now and then in a ſhort interval of 


this whole ſummer, thoſe parts of roots 
which were two feet under ground, had 
3 or four degrees more warmth than thoſe 


And at a medium the general degree of heat 


under ground, was not greater than the heat 
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bw. Vegetable Staticks. 


not be improper here to give a ſhort ac 
count of them, and the influence they had 
on their productions. 3 
V,Mr. Miller, in the account which he 1 ' 
took of the year 1723, obſerved that the cc, 
« winter was mild and dry, except that in 1 « 
February it rained almoſt every day, which * \ 


c kept the ſpring backward. March, April, 
% May, June, to the middle of July, proved 
extremely dry, the wind North- eaſt moſt 
“ part of the time. The fruits were for- 

« ward, and pretty good; but kitchen-ſtuff, 

« eſpecially Beans and Peaſe, failed much. 
« The latter half of July the weather proy- 

« ed very wet, which cauſed the fruits to 

<< grow ſo faſt, that many of them rotted 

d on the trees; ſo that the autumn fruits 

« were not good. There were great plenty 

2 of Melons, very large, but not well taſted. 

5 0 Great plenty of Apples; many kinds of 
e fruits bloſſomed in Auguſt, which pro- 

e duced many ſmall Apples and Pears in 
0 October, as alſo Strawberries and Raſp- 
© berrics in great plenty. Wheat was good, 
little Barley, much of which was very un- 
e equally ripe, ſome not at all, becauſe ſown 
H late, and no timely rain to fetch it up; 
There were innumerable Waſps; how ith 
= : - 2 « fared 


* 


n 9 5 © 9 8 


N 


c 


fared with the hops this dry year, is men- 
tioned under Exper. 9. 


5 


A 


The following winter 1724, prove FI 
very mild; the ſpring was forward in 7a- 


„ nuary, ſo that the Snou- drops, Crocus's, 


SfHVolyanthuss, Hepatica's, and Narciſſus's, 


« were in Flower. And it was remarkable, 


A 
* * 


deſtroyed by the mildew, of which there 
« was more, all this winter, than had been 


% known in the memory of man. In Fe- 


7 
a 


bruary we had cold ſharp weather, which 
did ſome damage to the early crops, and 


_ < it continued variable till April; fo that 


* much of the early Wall- fruit was cut off: 


„ And again the 6th of May was a very 


5 ſharp froſt, which much injured tender 
plants and fruits. The ſummer in genc- 


* and Cucumbers were good for little : 


5 markets. 


In the very wet and cold year 1725, moſt 
things were a full month backwarder than 


uſual, Not half the Wheat in by the 24th 
t Auguſt, in the Southern parts of England; 
very few Melons or Cucumbers, and thoſe 


E35 . 


« that moſt of the Colliflower- plants were 


8 


ral was moderately dry, the common fruits 
« proved pretty good, but late: Melons 


Kirchen-ſtuff was in "0 plenty in the 
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| 70 Venable Sraticls. 


Mr. Auſtin of Canterbury ſent me 


not . The tender Exotieks fared but ills 


| ſearce any grapes, thoſe ſmall, and of very 


unequal ſizes, on the ſame bunch, not ripe; 


Apples and Pears green and pid; no fruit 


nor products of tke ground good, but crude: 


Pretty good plenty of Wheat, tho' coarſe, 
and long ſtraw; Barley coarſe, but plenty 
of it in the uplands. Beans and Peaſe moſt 
flouriſhing and plentiful; few Waſps or o- 
ther inſects, except Flies on hops. Hops 


were very bad thro the whole Kingdom. 


lowing particular account, how it fared 
with them there; where they had more than 


at Farnham, and moſt other places, vi. 


At mid-April not half the ſhoots ap- 
ec peared above ground; ſo that the plant- 
© ers knew not how to pole them to the 


e beſt advantage. This defect of the ſhoot, 
upon opening the hills, was found to be 


« owing to the multitude and variety of 


ee yermin that lay preying upon the root; 


* the increaſe of which was imputed to | 
<« the long and almoſt uninterrupted ſerics | 
« of dry weather, for three months paſt: . 


Towards the end of April, many of the 


« hop - vines were infeſted with the Flies. 


About the 20th of May there was a 


thy very 
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very unequal crop, ſome Vines being 
run ſeven feet, others not above three or 
four feet; ſome juſt tied to the poles, and 


tionate inequality in their ſize continued 


throngh the whole time of their growth. 


Fhe Flies now appeared upon the leaves 


of the forwardeſt Vines, but not in ſuch. 


numbers here, as they did in moſt other 


places. About the middle of June, the 
Flies inereaſed, yet not ſo as to endanger 


the crop; but in diſtant plantations they 


| were excecdingly multiplied, ſo as to 


ſwarm towards the end of the month. 


June 27th: ſome ſpecks of Fen appeared: 

From this day to the 9th of July, was 
very fine dry weather, At this time, 
when it was ſaid that the Hops in moſt 

other parts of the Kingdom looked black 
and fickly, and ſecmed paſt recovery, ours 
held it out pretty well, in the opinion 
of the moſt skilful Planters. The great 


leaves were indeed diſcoloured, and a lit- 
tle withered, and the Fen was ſomewhat 
increaſed. From the 9th of July to the 


23d the Fen increaſed a good deal, but 
the Flies and Lice decreaſed, it raining 


G oy much: In a week more the Fen, 
Z | | 5 4 L ..-0S which 


ſome not viſible: And this diſpropor- 
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which ſeemed ro be almoſt at a ſtand, 


was conſiderably increaſed, eſpecially in 


thoſe grounds where it firſt appeared. 


About the middle of Auguſt, the Vines 


had done growing, both in ſtem and 


branch; and the forwardeſt began to be 
in Hop, the reſt in Bloom: The Fen 
continued ſpreading, where it was not 
before perceived, and not only the leaves, 
but many of the Burrs alſo were tainted 
with it. About the z0th of Auguſt, 
ſome of the Hops were infected with the 


Fen, and-whole branches corruptcd by it. 
Half the Plantations had hitherto pretty 
well eſcaped, and from this time the Fen 
increaſcd but little: But ſeveral days vio- 
lent wind and rain, in the following 
week, ſo diſordered them, that many of 
them began to dwindle, and at laſt came 


to nothing; and of thoſe that then re- 


mained in bloom, ſome never turned to 
Hops; and of the reſt which did, many 
of them were ſo ſmall, that they very 


little exceeded the bigneſs of a good 


thriving Burr. We did not begin to pick 
till the 8th of Seprember, which was 
eighteen days later than we began the 
© 855 before. The crop was little above 

« two 
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* two av on an. acre round, and not 
The beſt Hops ſold this year 
at Wk Fair for ſixteen pounds. the 


hundred. 
The et uninterrupted wetneſs and 


coldneſs of the year 1725, very much af- 


fected the produce of the Vines the enſu- 


ing year; and we have ſufficient proof from 
the obſervations that the four or five laſt | 

years afford us, that the moiſture or dryneſs 
of the preceding year has a conſiderable in- 


fluence on the productions of the Vine the 
following year. 


year 1724, there was an unuſual plenty of 
Grapes. The year 1724 was moderately 


dry, and the following ſpring the Vines 
produced a ſufficient quantity of bunches, 


but by reaſon of the wetneſs and coldneſs 


of the year 1725 they proved abortive, and 
produced hardly any Grapes. This very 
wet year had an ill effect, not only upon its 


own productions, bur alſo on thoſe of the 


following year: For notwithſtanding there 


= 


Thus in the year 1722, 
there was a dry ſcaſon, from the beginning 
of Auguſt thro' the following autumn and 
winter, and the next ſummer there was 
good plenty of Grapes. The year 1723 was 

a remarkably dry year, and in the following 
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produced, except here and there in fome 

very dry ſoils. This many Gardiners fore- 
faw carly, when upon pruning of the Vines, 
they obſerved the bearing ſhoots tò be crude 
and immature; which was the reaſon why 
they were not fruitſul. The firſt crop thus 


PPP 
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Vegetable Staticks. 


„„ 
was a kindly ſpring and blooming ſeaſon in 


the year 1726, yet there were few bunches 


failing in many places, the Vines produced 
a ſecond, which had not time to come to 


| _ before the cold weather came on. 


r. Miller ſent me the following ac- 
_ of the long and ſevere winter in the 


Fear 1728; and of the effect it had on the 
Plants and Trees in this and the neighbour- 
ing countries, vig. 


e The autumn began with cold North 
© and Eaſt winds, and early in November 


the nights were generally froſty; tho 
* the froſt did not enter the ground deeper 
e than the ſuccecding days thaw'd. But | 
ee towards the end of November the winds 
© blew extreamly cold from the North, 
e which was ſucceeded by a great ſnow» 
2 which fell in ſuch quantities in one night, 


eas to break off large arms and tops of 


* many ever green Trees on which it 
1 9 


After 


: 7 — K * 


“ blow from the North, the days were 


«© dark and ctoudy for fome time, but af- 
„ terwards it cleared up, and the Sun ap- 


% peared almoſt every day, which melted 


the ſnow where expoſed to it, whereby 
the froſt penetrated the deeper into the 


« ground. It was obſervable that during 


theſe clear days, a great miſt or vapour 


« appeared in the evenings, floating near 


the ſurface of the ground, till the cold 


© of the night came on, when it was ſud- 
« denly- condenſed and difappeared ; the 


nights now began to be extreme ſharp. 
The ſpirit in the Thermometer was 18 de- 


<« grees below the freezing point, (as mark- 
ed upon Mr. Fowler's Thermometers) and 
« jt was at this time that vaſt quantities of 


2 


Lanruſtinus s, Philerea's, Alaternns's, 
« Roſemary, and other tender plants began 


to ſuffer; eſpecially fuch as were trimm'd 


up to naked ſtems, or had been clipp'd 
«© late in the ſummer. At this time alſo 


Fe 


there were great numbers of trees diſ- 
* barked, ſome of which were of a conſi i- 
derable bulk, particularly two Mei- India 


* 


0 
de 


* 
W 


Plane Trees, in the Phy/ick Garden at 


6c "Cy | 


7 
A ſter the ſhow was down it ai 
freeze again, the wind continuing to 
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Chelſea, which are near 40 feet high, 
and a fathom in Circumference, were 
disbarked almoſt from the bottom to 
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„ About the middle of December the 


. cc 
cc 
cc 
ec 
ce 
cc 


cc 


- cc 
cc 


. 


cc 


cc 


cc 
cc 


60 
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the top, on the Weſt ſide of the trees. 


And in a nurſery belonging to Mr. Fran- 
cis Hurſt great numbers of large Pear- 
trees were all of them disbarked on the 
Weſt or South-Weſt ſides of em. 


And 


in ſeveral other places I obſerved the 


like accident, and found it was conſtant- 


ly on the ſame ſide of the trees. 


Froſt abated of its Intenſeneſs, and ſeem- 
cd to be at a ſtand, till the 23d of the 
month, when the wind blew extreme 
ſharp and cold from the Eaſt, and the 
froſt continued very hard to the 28th day, 


at which time it began to abate again, 
and ſcemed to be going off, the wind 
changing to the South; but it did not 
continue long in this point, before it 


changed to the Eaſt again, and the froſt 
returned, tho' not ſo violent as before. 
“% Thus the weather continued for the 


moſt part froſty, till the middle of March, 


with a few intervals of mild weather; 


which brought forward ſome of the early 
| flowers, but the cold returning, ſoon de- 
| 0 ned 


Pegrable 8 raticks. 2 © 2 


cc ſtroyed them; ſo that thoſe plants which 
. ce uſually flower in January and February, 
„5 did not this year appear till the latter 

end of March, or the beginning of A- 
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1 pril, as the Crocus s, Hepatica's, Perſian 
3 « Iriss, Black Hellebores, Polyanthus' 6. 
. _« Mezereons, and many others. 
| “ The Colliflower-plants which were 
> « planted out during the intervals between 
7 ce the froſt, were moſt of them deſtroyed, 

<« or ſo much pinched as to loſe the great- | 
c <« eſt part of their leaves; whereas thoſe * 
2 « which had been planted out in October 1 
a © eſcaped very well. The early Beans and [ ſ 
1 * Peaſe were moſt of them deſtroyed; 1 
2 0 and great quantities of Timber and Fruit- 15 
, « trees, which had been lately removed, 45 
1, « were quite killed. Af 
d © The loſs was very great in moſt cu-' —+ | 
x WM «„ rious collections of plants; there being 
it WW © a great deſtruction made of many Trees, 
& „ Shrubs, and Plants, which had endured 
: the open air many years, without being 
ic the leaſt hurt by cold; as the Eranadilla 
h, « or Paſſion- Flower, Arbutus or Straw- 
rs. « berry Tree, Cork Tree, with moſt of the 
ly % Aromatick Plants, as Roſemary, Laven- 
c· 5 er, Stechas, Ke, Maſtict, Marum, 
ed | „„ 
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« n many others, which were deſtroyed 
e to the ground, and were by many peo- 
ple pulled up and thrown away; but in 

Warm dry ſoils, where they were ſuffer- 


« ed to remain undiſturbed, many of them 


broke out from the root again, tho' it 
was very late in the ſummer before they - 


ce ſhewed any ſigns of recovery. 
The Plants in the Conſervatories Gal. 


« fercd very much by being ſo long ſhut | 


< up cloſe; for the days being for the moſt 


* part cloudy, and the wind blowing very 


<« ſharp, the windows of the Green-houſes 
« could not be with ſafety opened, which 
ce occaſioned a noxious damp in the houſes, 


20 whereby the Plants became ſickly, lan- 


p A - 


guiſhed and decayed ſoon after. 


Nor was the Froſt more ſevere with us 
than in other parts of Europe, but on 

te the contrary in compariſon favourable, | 
e for in the Southern parts of France the 
de Olives, Myrtles, Ciſtus Fs and other 

1 . Trees and Shrubs, which grow there al- 


© moſt ſpontaneouſly, were deſtroyed; and 
« in the Northern parts of France, as a- 


e bout Paris, &c. the buds of many kinds 
« of fruit- trees were deſtroyed, although | 
« cloſed fo that * of them never open- | 


cc « cd, 


© int 


CO! 


Vegetable Svaticks. 29 
« ed, but decayed and periſhed ; duke 


| © Fig-trees which were expoſes to the 
| © open air were alſo deſtroyed... 


5 << In Holland the Pines, Furs, 2 Scher | 
hardy reſinous trees, were moſt of them 
killed, altho' many of them are natives 
755 « of the Alps, and other mountainous 


e cold countries; bat this I apprehend to 
be owing to the lowneſs of their ſitua- 


ran down into the water, which is more 
injurious to theſe trees than froſt, 


„ Shrubs which are natives of Virginia 
« when almoſt all thoſe which were brought 
© will greatly enhance the value of the for- 
mer trees, eſpecially ſuch of them as are 
either proper for uſe or beauty. 

flowers, which were not either removed 


coverings from the Froſt, as I was inform- 
ed by letters from thence. 


r dg oe rr pk rene ge rin, es * 
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c tion and ſoil, whereby their roots eaſily 


© But it was obſerved that the Trees and 
and Carolina, eſcaped well in Holland; 


from Italy, Spain, or the South parts of 
France, were entirely deſtroyed. . Which 


ee In Germany the winter was ſo ſevere 
as to deſtroy almoſt all their plants and 


into the Green-houſes, or protected by 
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_ - Vegetable Staticks. 
« And in Scotland the Froſt and Snow 


&« did great damage, ſome of the particu- «©, 

© Jars of which 1 ſhall tranſcribe from a 4% 
letter, which I received from a Gentle- 4 
man living near Edinburgh, who is is a cu- 4 1 


& rjous obſerver. _ 
About the 2oth of November, he — 0 
« they had much Snow, which lay ten 
. days, and then went off very pleaſantly 
& without rain; and from that time till 
„ the middle of December, we had very 
« good winter weather, when a great Snow 
dc & fell, which was attended with a ſtorm 
© from the North-Eaſt ; which Snow lay 
c very thick upon the ground till the 12th 
4 day of January, during which time there 
© was a very intenſe Froſt: After which 
et the cold abated, and the Snow went off 
« gradually; and about the end of Jannu 
ce gry I obſerved in my Green-houſe the 
ce flowers and young ſhoots of the Orange 
ct and other cxotick trees did begin to ap- 
<« pear, and all of them began to preparc 
for vegetation. In the open ground we 
© had Spring Cyclamens, Primroſes, inter 
« Aconites, Snowdrops, Hellebores, Poly- 
ct anthus's, Glaſtenbury Thorn, Winter Hya- 
ce eint hs, and Mezereons i in flow cr. 


" But 


| Vegetable Katie. * 


* But before I proceed to give a farther 
account of the weather, I ſhall offer you 
my thoughts upon the reaſon of this Ve- 
getation ſo early, whilſt the cold was ſo 
intenſe with you. Firſt it is to be obſery- 


ed that our ſtorms of Snow at that ſeaſon 
came on before the Froſt had entered the 
ground; ſo that the Snow kept the ground 


warm and ſecure from the Froſt, which 
only cruſted the top of the ſnow : Du- 


ring this ſeaſon the wind blew from the 


Eaſt, which coming off the ſea, (from 
which we are but eight miles diſtant) was 
not attended with ſo much cold as if ic 
had blown over the land, which was 


covered with Snow, where there is no 
| ſea for two hundred miles. Till the 5th 


of February we enjoyed this weather; at 
which time we had a violent Snow with 
a ſtorm from the South-weſt, and the 
Froſt having entered the ground before it 
fell, checked our carly flowers from ap- 
pearing: During this Snow, which con- 
tinucd moſt part of February, we had a 
great deal of ſun-ſhine, which contribut- 


ed very much to our early crops of Cu- 


cumbers and Melons; but during the 
W it froze very hard, "Wn deſtroyed 
CG « great 


we - 
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Vegetable Static, 
great numbers of Ow that were not 
ſheltered. 


« Every thing was now at 2 hands the 
Apricot and Peach bloſſoms continued 
turgid; but not being opened they ſuf- 


fered very little; the Laurus Tinus's ſuf- 


fered extreamly by. this laſt ſevere ſeaſon, 
eſpecially where the Snow had been melt-. 
ed from their roots. | 
* This Snow went off with a violent 


. South-weſt wind, which was very bleak 


and cold, and where the ſun had no ac- 


ceſs the Snow lay till the 12th of March, 


at which time we had for fix days very 
mild weather, which occaſioned our put- 


ting abroad our Carnations, whereby we 


loſt moſt of them. The wind continucd 
cold, varying from the South-welt to the 


| Notth-weſt, and ſometimes Nortkicaſt ; 
and upon the 23d day it was very cold, 

the wind at North-weſt and by North; 
in the cvening the ſun was clouded, and 
the wind abated, the Mercury in the Ba- 
rometer fell at night; at two a clock the 
next morning a violent Hurricane at 


North-caſt brought. a Snow in many 
places 6, 10, and 12 feet deep, with a 
moſt — colds the mow continued 

ms 
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to fall till ten a clock in the morning, 


Lal 


6 


and extream cold. Now it was that in- 


© loſt in the mountains of ſnow; and ma- 
ny poor people going that morning to 


of which is terrible, were equally ſuf- 


© Snow. 


but the Trees alſo, their bark burſting 


mY mometers, when that kind of hovering lam. 


day was much warmer, has upon the ab- 


being near 1500 times denſer than the air, 
cannot be ſo ſoon affected with the alter- 


bable, that thoſe vapours which are raiſed 


when the wind chopped about to the 
North-weſt with incredible fierceneſs, 


numerable ſheep and other cattle were 


look after their cattle, the remembrance 
ferers with them, being buried in the 
<4: The Apricots 2 and Peaches which were 
no in bloſſom upon warm walls, were 
« all deſtroyed, and not only the Bloſſoms, 
I have often obſerved from theſe Ther- 
bent Fog ariſes, (cither mornings or even- 
ings) which frequently betokens fair wea- 
ther, that the air which in the preceding 
ſence of the ſun become many degrees 
cooler than the ſurface of the earth; which 


nacies of hot and cold; whence tis pro- 
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84 Vegetable Statichs. 

by the warmth of the earth, are by the 
cooler air ſoon condenſed into a viſible 
form. And I have obſerved the ſame dif- 
ference between the coolneſs of the air 


and the warmth of water in a pond, by 
putting my Thermometer, which hung all 


night in the open air in ſummer time, in- 


to the water, juſt before the riſing of the 


ſun, when the like reek or fog was riſing 


on the ſurface of the water. 
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E xperiments, whereby to find out the force 
with which Trees imbibe moiſture. 


Aving in the firſt chapter ſcen many 

proofs of the great quantities of li- 

quor imbibed and perſpired by vegetables 

Ipropoſe in this, to enquire with what force 
they do imbibe moiſture. 

Tho vegetables (which are inanimate) 
have not an engine, which, by its alternate 
dilatations and contractions, does in animals 

forcibly drive the blood through the arte- 


ries and veins; yet has nature wonderfully) 
_ | contrived 


bles, 
force 


nate) 
rnate 


imals 


arte- 
fully 
rived 


"Figniahl $] has 8 


contelved other means, moſt a 


raiſe and keep in motion the ſap, as will 


in ſome meaſure appear by the experiments | 


in this and the following chapter. 
I ſhall begin with an experiment upon 


roots, which nature has providently taken 
care to cover with a very fine thick ſtrai- 


ner; that nothing ſhall be admitted into 
them, but what can readily be carried off 


by perſpiration, vegetables having no other 


proviſion for diſcharging their recrement. 
EXPERIMENT XXL 
Auguſt 13. in the very dry year 172 . 
I dug down 2 E feet deep to the root 
of a thriving baking Pear-tree, and laid 
bare a root + inch diameter 7 (Fig. 10.) I 
cut off the end of the root at i, and put 


the remaining ſtump 2 into the glaſs tube 


dr, which was 1 inch diameter, and 8 inches 


long, cementing it faſt ar r; the lower part 
of the tube 4 z was 18 inches long, and + 


inch diameter in bore. 

Then I turned the lower end of the tube 
⁊ uppermoſt, and filled it full of water, and 
then immediately immerſed the ſmall end 8 
into the' ciſtern of mercury x; raking away 


my finger, which ſtopped up the end of the 


tube S. 6 3 The 
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The root imbibed the water with fo much 


vigour, that in 6 minutes time the mercury 
was raiſed up the tube d S as high as S, vis. 5 


The next morning at 8a clock, the mer- 


cury was fallen to 2 inches height, and 2 
Inches of the end of. the root z were yet 


immerſed in water. As the root imbibed 


the water, innumerable air bubbles iſſued 
out at i, which occupied the upper part of 
5 che tube at 1 as the water left it. 


EXPERIMENT XXII. 


The eleventh Experiment ſhews, with 
what great force branches imbibe water, 


where a branch with leaves imbibed much 
more than a column of 7 feet height of 
Water could in the ſame time drive through 


13 inches length of the biggeſt part of its 


ſtem. And in the following Experiments 


we ſhall find a farther poet of their png 
imbibing power. 


May 25, I cut off a 6 of a young 


thriving Apple- tree b, (Fig. 11.) about 3 


feet long, with lateral branches; the diame- 
ter of the tranſverſe cut i, where it was cut 


ot, was + of an inch: The : great end of 


rhis 


Vegetable Statick. 87 
this branch I put into the cylindrical glaſs 
er, which was an inch diameter within, 


and eight inches long. 


I then cemented faſt the joynt r, firſt fold- 
ing a ſtrap of ſheeps-skin round the ſtem, 
ſo as to make it fit well to the tube at 7; 
then 1 cemented faſt the joynt with a 


mixture of Bees-wax and Turpentine melt- 


ed together in ſuch a proportion, as to 


make a very ſtiff clammy Paſte when cold, 


and over the cement I folded ſeveral times 
wet Bladders, ns, it firm with Packs 


thread. 


At the lower end of the m tube e was 
cemented, on a leſſer tube > e, 5 inch dia- 
meter in bore, and 18 inches long: * he 
ſubſtance of this tube ought to be full I of | 
an inch thick, elſe.it will too caſily break 


in making this experiment. 


Theſe two tubes were cemented win 
at e, firſt with common hard brick-duſt ce- 
ment to keep the tubes firm to each other; 


but this hard cement would, both by being 


long moiſt, and by the different dilatations 
and contractions of the glaſs and cement, 
ſeparate from the glaſs in hot weather, ſo 
25 to let in air; to prevent which incon- 
venience, I further ſecured the joynt with 


8 0 — e „ 


1 the cement of Bees-wax and Turpentine, th 
1 binding a wet bladder over all. If the hard ve 
Wu ment be made of powder'd chalk inſtead "i 
| i of brick-duſt, it is more binding, and is not J 4a 
. ſo apt to be looſened by water. tu 
1 When the branch was thus fixed, I turned 410 
: 1 it downwards, and the glaſs tube upwards, on 
L 4 g and then filled both tubes full of water; qu 
ill upon which I immediately applied the end Lit) 
1 of my finger to cloſe up the end of the 


ſmall tube, and immerſed it as faſt as I could 
Into the glaſs ciſtern x, which was full of 
mercury and water. h 

When the branch was now 7 uppermoſt, 
and placcd as in this figure, then the lower 
end of the branch was immerſed 6 inches 
in water, vi, from % . 

Which water was imbibed by 255 en 
at its tranſverſe cut i; and as the water aſ- 
cended up the ſap veſſels of the branch, fo 
the mercury aſcended up the tube e & from 

the ciſtern x; ſo as in half an hour's time 
the mercury was riſen; inches and 4 oye 
up to &. | b 
And this height of the mercury did in 
ſome meaſure ſhew the force with which the | 
fap was imbibed, tho' not near the whole 


force; for while the water was imbibing, | 


„ m 7 WD Phe 
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the tranſverſe cut of the branch was co- 


vered with innumerable little hemiſpheres of 


air, and many air bubbles iſſued out of the 
ſap veſſels, which air did in part fill the 
tube er, as the water was drawn out of it; 


ſo that the height of the mercury could 


only be proportionable to the exceſs of the 
quantity of water drawn off, above the quan- 


tity of air which iſſued out of the wood. 


And if the quantity of air, which iſſued 
from the wood into the tube, had been equal 


to the quantity of water imbibed, then the 


mercury would not riſe at all; becauſe there 
would be no room for it in the tube. 


But if 9 parts in 12 of the water be j im- 


bibed by the branch, and in the mean time 
but three ſuch parts of air iſſue into the tube, 
then the mercury muſt needs riſe near 6 
inches, and ſo ren, in different 
caſes. - IR 
I obſerved in this, and moſt of the follow- 


ing experiments of this ſort, that the mer- 
cury roſe higheſt, when the ſun was very 


clear and warm; and towards evening it 
would ſubſide 3 or 4 inches, and riſe again 


the next day as it grew warm, but ſeldom 


to the ſame height ir did at firſt. For 1 have 
_— found the fap veſſels grow every day, 
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er cutting, leſs pervious, not only for 
| water, but alſo for the ſap of the vine, which 
never paſſes to and fro ſo freely thro' the 
tranſverſe cut, after it has been cut 3 or 4 
days, as at firſt ; probably, becauſe the cut 
capillary veſſels are ſhrunk, the veſicles alſo, 
and interſtices betwcen them, being ſaturate 
and dilated with extravaſated ſap, much 
more than they are in a natural ſtate. 
If II cut an inch or two off the lower 
part of the ſtem, which has been much fa- 
turated by ſtanding in water, then the 
branch will imbibe water again afreſh ; tho 
not altogether ſo freely, as when the branch 8 


was firſt cut off the tree. 
I repeated the ſame experiment as this 


Lad, upon a great varicty of branches of 
ſeveral ſizes and of different kinds of trees, 
| ſome of the principal of which arc as fol- 
low, VIS. 


ExERINENT XXIII. 
Fuly 6th and 8th, I repeated the ſame 
experiment with ſeveral green ſhoots of the 
Vine, of this year's growth, each of them 
full two yards long. 
The mercury roſe much more leiſurely in in 


theſe nn, than with i Apple- tree 
| | . branch =. 
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wks the more the ſun was upon it, the 
_ faſter and higher the mercury roſe, but the 
Vine branches could not draw it above 4 
inches the firſt day, and 2 W the third 
day. 
And as the ſun gt, the mercury — 
ſubſided wholly, and would riſe again the 
next day, as the: fun came On the Vine- 
haaack... . | 
And I obſerved, that where ſome of theſe 
Vine- branches were fix d on the North-ſide 
of the large trunk of a Pear- tree, the mer- 
cury then roſe moſt in the evening about 6 
a-clock, as the fun came on the Vine-branch. 


 ExPERIMENT XXIV. 
Auguſt 9, at 10 ante Merid. (very hot 
ſunſhine) I fixed in the ſame manner as 
Ex. 22. a Non-pareil branch, which had 20 
Apples on it; it was 2 feet high, with la- 
teral branches, its tranſverſe cut & inch dia- 
meter : It immediately began to raiſe the 


mercury molt vigorouſly, ſo as in 7 minutes 


it was got up to & 12 inches high. 
Mercury being 13 2 times ſpecifically 
| heavier than water, it may eaſily be eſtima- 
ted to what height the ſeveral branches in 
theſe experiments would raiſe water; for 
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if any branch can raiſe mercury 12 inches, 
it will raiſe water 13 fect 8 inches: A fur- 
ther allowance being alſo made for the per- 


pendicular height of the water in the tubes, 
between r and S the top of the column of 
mercury; for that column of water is lifted 


up by the mercury, be it more or leſs. 
At the ſame time, I tried a Golden Re- 


nate branch 6 feet long, the mercury roſe | 
but 4 inches, it riſing higher or lower in 


branches nearly of the ſame ſize and of the 


| ſame kind of tree, according as the air iſ- 
ſued thro' the ſtem, more or leſs freely. 


In the preceding experiment on the Non- 


pareil branch, I had ſucked a little with my 
mouth at the ſmall end of the tube, to get 
| ſome air bubbles out of it, before I im- 
merſed it in the mercury; (but theſe air 


bubbles are beſt got out by a ſmall wire 


run to and fro in the tube) and this ſuc- 
tion made air bubbles ariſe out of the tranſ- 
verſe cut of the branch; but tho' the quan- 


tity of thoſe air bubbles thus ſucked out, 


was but ſmall; yet in this and many other 


experiments, I found that after ſuch ſuc- 
tion, the water was imbibed by the branch, | 


much more greedily, and in much greater 


quantity than the bulk of the air was, which 
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was ſucked out. Probably therefore, theſe 
air bubbles, when in the ſap veſſels, do ſtop 
the free aſcent of the water, as is the caſe 
of little portions of air got between the v wa- 

ter in capillary glaſs tubes. ETD 
When the mercury is raiſed to its great- 
eſt height, by precedent ſuction with the 
mouth, (which height it reaches ſometimes 
in 7 minutes, ſometimes in half an hour or 
an hour) then from that time it begins to 
fall, and continues ſo to do, till it is fallen 
5 or 6 inches, the height the branch would 
have drawn it to, without ſucking with the 
mouth. 8 | 
But when in a very warm day, the mer- 
cury is drawn up ; or fix inches, (without 
' precedent ſuction with the mouth) then it 
will uſually hold up to that height for ſeve- 
ral hours, vis. during the vigorous warmth 
of the ſun; becauſe the ſun is all that time 
ſtrongly exhaling moiſture from the branch 
_ thro' the leaves, on which account it muſt | 
therefore imbibe water the more greedily, 
as is evident by many experiments in the. | 
firſt chapter. | 
When a branch is fixed to a a glaſs tube 
ſet in mercury, and the mercury ſubſides at 
night, it will not riſe the next morning 
| | 5 | . > (as 


94 1 eee g 


(as the warmthof the fun increaſes upon 10 
unleſs you fill the tube firſt full of water: 
For if half or of the large tube er be full 


of air, that als will be rarified by the ſun; 
which rarefaction will depreſs the water in 
the tube, and conſequently the ary can- 


not riſe. - 
But where little water is imbibed the 


firſt day, (as in the caſe of the green ſhoots 


of the Vine, Exper. XXIII.) then the mer- 


cury will riſe the ſecond and third day, as 


the warmth of the ſun comes on, without 


refilling the little water that was imbibed. 


EXPERIMENT XXV. jr 
In order to make the like experiment 
on larger branches (when 1 expected the 
mercury would have riſen much higher: than 
in ſmall ones) I cauſed glaſſes to be blown 
of the ſhape of this here deſcribed (Fig. 12.) 


of ſeveral dimenſions at r, from two to 


five inches diameter, with a proportionably 


| large cavity c: the ſtem & as near - inch 
diameter as could be, the length of the 


ſtem 16 inches. 
I cemented one of theſe glaſs veſſels to 
a large ſmooth barked thriving branch of an 


inch 


| 44d which Was 12 feet long, 1-4 
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inch diameter at 7: I filled the glaſs tube 
with water, and immerſed the ſmall end in 
the mercury x, which roſe but 4 inches, yet 
it imbibed water plentifully ; but the air iſ- 
ſued too faſt out of the branch at i, for the 
mercury to riſe high. 5 

This, and many other experiments of 
this kind, convince me that branches of 
2, 3, Or 4 years old, are the beſt adapted to 
draw the mercury higheſt : The veſſels of 
thoſe that are older being too large and 
pervious to the air, which paſſes moſt free- 
ly thro' the bark, eſpecially at old eyes; as 
will be more fully proved in the fifth | 
chapter. 


EXPERIMENT XXVI. 


| July 30th at noon, a mixture of ſun and 
clouds, the day and night before, 24 hours 
continual rain : I cut off a branch of a 
Golden Pippin-tree bb, (Fig. 13.) about 3 feet 
long, with ſeveral large lateral branches; 
its diameter at the great end p ncar an inch, 
which end I cemented well, and tied over 
it a piece of wet bladder. Y 
Then I cut off at i the main top twig; 
where it was & inch diameter: I cemented 
the glaſs tube S , to che remaining branch 
#7, 
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then an inch in water. 


96 naa K els; 


Ir, and then filling the tube with water: 


ſet its lower end in the mercury x; ſo that 


now the branch was placed with its top # 


downwards in the water, in the Aqueo- 


mercurial gage. 


It imbibed the water with ſuch ſtrength, 


as to raiſe the mercury with an almoſt equa- 


ble progreſſion 11 + + inches by 3 a clock, 


[the ſun ſhining then very warm) at which 


time the water in the tube 77 being all im- 
bibed; ſo that the end i of the branch was 
out of the water, then the air bubbles paſ- 


ſing more freely down to 2, and no water 
being imbibed, the mercury ſublided 2 0 3 


inches in an hour. | 
At a quarter paſt 4 a dock: I refilled FR 


gage with water, upon which the mercury 
roſe afreſh from the ciſtern, vig. 6 inches 


the firſt 4 of an hour, and in an hour more 
the mercury reached the ſame height as be- 
fore, vis. 11 + inches. And in an hour 
and ꝙ more it roſe : inch more than art firſt; 
but i in half an hour after this it began gently 


to ſubſide; vis. becauſe the ſun declining 


and ſetting, the perſpiration of the leaves 
. decreaſed, and conſequently the imbibing 


of the water at i abated, for rhe end 1 Was 
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Fuly 3 iſt, it raining all this day, the mer- 
I cury roſe but 3 inches, which height it 
| || ſtood at all the next night. Auguſt Iſt fair 


- | ſun-ſhine; this day the mercury roſe to 8 in- 
ches: This ſhews again the influence of the 

, ſun, in raiſing the mercury. 

- This Experiment proves that branches will * 


> ſtrongly imbibe from the ſmall end immer- 
2 | fed in water to the great end; as well as 


from the great end immerſed in water to 
8 the ſmall end; and of this we ſhall have 
further proof in the fourth chapter. 

r 

, EXPERIMENT X VII. 


In order to try whether branches would 
je imbibe with the like force with the bark 
ry off, I took two branches, which I call 2M 
es and N; I fixed M in the ſame manner as 
re the branch in the foregoing Experiment, 
c- with its top downwards, but firſt I took off 
ur all the bark from i tor. Then] fix'd in the 
it; ſame manner the branch N, but with its 
tly great end downwards, having alſo taken off 
ng ! all the bark from z to r; both the branches 
ves drew the mercury up to S, 8 inches; ſo 
they imbibed with equal 3 at either 
end, and that without bark. 
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ExrzII AEN XXVII. 


Auguſt 13. I tripped the leaves off an 

Apple-tree branch, and then fixcd the great 
end of the ſtem in the gage; it raiſed the 
mercury 2 Q inches, but it ſoon ſubſided, 
for want of the plentiful perſpiration of 
the leaves, ſo that the air came in almoſt as 
faſt as the branch imbibed water. 


EXPERIMENT XXIX. 


I tried alſo with what force branches 
Vould imbibe at their ſmall ends, as they 


are in their natural ſtate, growing to the 


(Fig. 14.) to the pliant branch b, of a dwarf 
Golden Pippin-tree, the ſame from which! 
cut the branch in-Experiment 26: As the 
tranſverſe cut i imbibed the water, the mer- 
cury roſe 5 inches obliquely in the tube 2. 
and 4 inches perpendicular. 
In this, as alſo in many of the preced- 
ing Experiments there yere ſeveral wounds 


in that part of the branch which was with- 


in the large tube 72; which were made by 
cutting off little lateral twigs, and ſwelling 
eyes, that the branch might caſily enter the 

tube: ; 


. 2d 1 faſt the gage 118 
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tube : And if theſe wounds (thro' which the 
air always iflued plentifully) were well co- 
vered with ſheeps gut, bound over with 


packthread, it would in a good meaſure 
prevent the inconvenience: But I always 


found that my Experiments of this kind z 


ſucceeded beſt, when that part of the branch 
hich was to enter the tube 7 i, was clear 
| knots or wounds; for when there 


0 
wer 
ly, and. leſs air iſſued out. 


The ſame day I fixed in the fame 1 man- 
ner a gage to an Apricot-tree, it raiſed the 


mercury three inches; and tho' all the water 
was ſoon imbibed, yet the mercury roſe 


every day an inch, for many days, and ſub- 


ſided at night; ſo that the branch muſt 


daily imbibe thus my air, and remit it at 


| _ 


EXPERIMENT . 


We h have a further proof of the influence : 


of the leaves in raiſing the = in this fol- 
lowing Experiment. 

Auguſt 6th, I cut off a wad Ruſſet 
Pippin (Fig. r5.) with a ſtalk 1 + + inch 
long, a and 1 I2 acjoining leaves 4 growing to 
it. 


no knots, the liquor paſſed moſt free- | 
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I cemented the ſtalk faſt into the upper 
end of the tube 4, which tube was 6 inches 
long, and inch diameter; as the ſtalk im- 
bibed the water, it raiſed the mercury. to Z, 
four inches high. 

I fix d another Apple of the ſame ſi ze and 
tree, in the ſame manner, but firſt pulled 
off the leaves; it raiſed the mercury but 1 
inch. I fixed in the ſame manner a like 
bearing twig with 12 leaves on it, but no 
apple; it raiſed the mercury 3 inches. 

I then took a like bearing twig, without 
either leaves or apple, it raiſed the Mercury 
4 inch. | 


So a twig with an wat and leaves raiſ- 
cd the mercury 4 inches, one with leaves 
only 3 inches, one with an e without 
leaves 1 inch. 
A Quince which had two leaves, jut at 
the twig's inſertion into it, raiſed the mer- 
cury 2 inches, and held it up a conſi- E 
werevic time. . 
K ſprig of Mint fix'd in the ſame manner, 
raiſed the mercury 3 K inch, equal to 4 
feet 0 inches height of water. 


E xP E- 


'ExPERIMENT XXXI. 


I tried alſo the imbibing force of a great ; 
variety of trees, by fixing Aqueo- mercurial 5 
gages to branches of them cut of; as in Ex- 


periment 22. 


The Pear, Quince, Chery Walken Peach, 
Apricot, Plumb, Black-thorn, White-thorn, 


Gooſeberry, Water-Elder, Sycamore, raiſed 
the mercury from 6 to; inches high: Thoſe 


which imbibed water moſt freely, in the Ex- 
periments of the firſt chapter, raiſed the 
mercury higheſt in theſe Experiments, ex- 
cept the Horſe-Cheſnut, which though it 
imbibed water moſt freely, yet raiſed the 
- mercury but one inch, becauſe the air paſ- 


ſed very faſt through its has 4 veſſels into the 
Late... - | 

The following raiſed the mercury but 1 
or 2 inches, vis. the Elm, Oak, Horſe- 


Cheſnut, Filberd, Fig, Mulberry, Willow, 


Sallow, Ofier, Aſh, Lynden, Currans. 


The Ever-greens and following trees and 
plants, did not raiſe it at all; the Laurel, 


Roſemary, Laurus-Tinus, Philarea, Fuz, Rue, 
Berberry, Jeſſamine, Cucumber. branch * 
kin, F Artichoke. 


H3 5 ExXPT- 
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* EXPERIMENT XXX, "| leve 
1 We have a further proof of the great . Was, 
« | force with which vegetables imbibe moi- into 
4 ſture, in the following Experiment, vis. 1 adeq 
'F filled near full with Peaſe and water, the into 
H iron Pot (Fig. 37.) and laid on the Peaſe a NV 
44 leaden cover, between which and the fides with 
|| of the Pot, there was room for the air whick Ii doul 
I; came from the Peaſe to pals freely. I then force 
Wet! laid 184 pounds weight on them, which (as the I 
the Peaſe dilated by imbibing the water) enab 
they lifted up. The dilatation of the Peaſe and a 
is always equal to the quantity of water i ***© 

they imbibe : For if a few Peaſe be pur in- 
to a Veſlel, and that Veſſel be filled full of x 
water, tho' the Peaſe dilate to near double W 
their natural ſize, yet the water will not ter, 1 
flow over the Veſſel, or at moſt very incon- attrac 
ſiderably, on account of the expanſion of MW © ſo 
little air bubbles, which are iſſuing from the Work 
Peaſe. | a. ve 
Being deſirous to try whether they would | ey 10 
raiſe a much greater weight, by means of a adapt. 
lever with weights at the end of it, I com- er 
preſſed ſeveral freſh parcels of Peaſe in the An 
ſame Pot, with a force equal to 1600, 800, Pcrim 
vegeta 


and 400 pounds; in which Experiments, tho' 
| 15 1 os the 


adequately filled up, being thereby formed 
into pretty regular Dodecahedrons. 
We ſee in this Experiment the vaſt force 


with which ſwelling Peaſe expand, and tis 
doubtleſs a conſiderable part of the ſame 
force which is exerted, not only in puſhing 


the Plume upwards into the air, but alſo in 
enabling the firſt ſhooting radicle of the Pea, 


and all its ſubſequent tender Fibres, to penc- 


trate and ſhoot into the carth. 


EXPERIMENT XXXIII 


We ſee, in the Experiments of this chap- 


ter, many inſtances of the great efficacy of 


attraction; that univerſal principle which 


is ſo operative in .all the very different 
works of nature; and is moſt eminently ſo 
in vegetables, all whoſe minuteſt parts are 


_ curiouſly ranged in ſuch order, as is beſt. 
adapted by their united force, to attract pro- 
per nouriſhment. 


And we ſhall find in the following Ex- 


periment, that the diſſevered particles of 


vegetables, Lt of other bodies, have a 
5 5 -_ 


J. — Sraticks. 1 03 


the Peaſe dilated, yet they did not raiſe the 

lever, becauſe what they increaſed in bulk 
was, by the great incumbent weight, preſſed 
into the interſtices of the Peaſe, which they 
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ſtrong attractive power when e lay con- 


fuſed. 
That the particles of wood are ſpecifical- 


ly heavier than water (and can therefore 


ſtrongly attract it) is evident, becauſe ſeveral 
ſorts of wood ſink immediately; others (e- 


ven cork) when their interſtices are well 
ſoaked, and filled with water: As Dr. De- 
ſaguliers informed me, he found a cork 
which had been ſealed up in a tube with 
water for 4 years, to be then ſpecifically 


heavier than water; others (as the Peruvian 


Bark) ſink when very finely pulverized, be- 


cauſe all their cavities which made them 
ſwim, arc thereby deſtroyed. 


In order to try the n of 
common wood aſhes, I filled a glaſs tube 


eri, 3 feet long, and F of an inch diameter, 
(Fig. 16.) with well dried and ſifted wood 
aſhes, preſſing them cloſe with a rammer; I 
tied a piece of linen over the end of the 
tube at z, to keep the aſhes from falling out; 
I then cemented the tube c faſt at r to the 
Aqueo-mercurial gage r &, and when ! had 
filled the gage fall of water, I immerſed it 


in the ciſtern of mercury x; then to the up- 
per end of the tube c, at o 1 ſcrewed c on the 


mercurial gage 4 b. 


The 
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roſe 
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riſin; 
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The aſhes as they imbibed the water drew 
the mercury up 3 or4 inches in a few hours 
towards S; but the three following days it 
roſe but 1 inch, * inch, and 4, and ſo leſs 
and leſs, ſo that in 5 or 6 days it ceaſed 
riſing: The higheſt it roſe was 7 inches, 
which was equal to raiſing \ water 8 feet 
high. 
This had very little effect on the mer- 
cury in the gage 4 b, unleſs it were, that it 
would riſe a little, viz. an inch or little 
more in the gage at a, as it were by the ſuc- 
tion of the aſhes, to ſupply ſome of the air 
bubbles which were drawn out at z. e 
But when I ſeparated the tube c o from 
| the gage r E, and ſet the end i in water, 
ten the moiſture (being not reſtrained as 
before) roſe faſter and higher in the aſhes 
co, and depreſſed the mercury at a, ſo as 
to be 3 inches lower than in the leg &, by 
driving the air upwards, which was inter- 
mixed with the aſhes. _ 

I filledeanother tube 8 feet was ans 
inch diameter with red lead; and affixed it 
in the place of co to the gages 4 b, 7 S. 
The mercury roſe gradually 8 inches to 2. 

In both theſe Experiments, the end ĩĩ was 
covered with innumerable: air bubbles, many 


0 


* 4.4 —— - — 
* 8 — _ 8 — — * — * — n 3 — — 2 — p I c 
— — — 2 ; : 2 8 * 8 - 3 — — a «a — — | 5 . _ 
Z — 9 6 r 2 * — y eee 85 DC Joo.” rn 2 . e ee — g — ry . . — N 5 Z | 
— as n 2 E n SET E 75 * Fo . 333 . & >. 25 —— F $84 (8 mates OF f . _ — —.— — | 
AS r — — : rr ET Wet YO eee” AB = = Bo r_ye one ent QAM - 9 fp WY Jahn a . k r — — — FORE n — 1 8 er 1 +3; 
LEAs — = : n 5 . X => —_— — — —— —— ——— — = 1 DE —— — a 6 - 2 f 
. E r cn ee nn es re reha" S=Y = . _ExCcCcEcCRECCSSST II 2 rn * Sor" l 2 123 „„ iis CO 7575. > 46... Sp G2 2 e * "#5 
—— — — — f — - 5 —— — — 2 2 — — wet” re TA 5 r Wy =. 
: N ly dy X 2 - , — 4 222 * y . 
k 2 0 A 


ARS. 


BY 
— ——ä6—4Ʒää— rem 


= Q a 8 7 
— — ——  —— — — N * * 
— = FE . 1 CE TALES 
a : = — 9 
— . —v — ———— — Rͤ 12 — — — — — 2 - n —— as — — ge — wee, — a 
8 i * Yue! * B . 2 2 a , 5 * _—_— p 5 — - 5 5 
. ow k ; . Ss ry © = — — 1 : 
; 1 — 0 r = hk bg - ve —_—_ ages * 


5 
_— _ 
N NN N >; N 2 
* r 
FTP 8 


Pn ge I Ao ee EEO 
ap" ot nn 
1 Tr 
r 
EST . — 

— = 
—— 
A 


. 
onde <1 PR —_ ON 
l _ 2 ps 
bp n 5 
wp — oy” oy Wnt, _ 
— 8 3 orien hg — * 2 
7 8 n F 
— . 
4 4 —— —— . 


2 8 255 = o 
+ nw ON at of ap : 2 
— — - . * nn K Y 
= _ A W " 9 DTS * 
K ö — 


ay * — Las ip . ˙ CINPENEN NEINSN HNns — 


. I ren res, > = mad wy — n P xa 
Ser A 0 Rs ERS 55 | R 
3 2 1 2 
= By * 7 
a Ns 
r be K 


» SE Irs 1. 


. : l — 
— — —— 2 — er 
„ ee 2 ITO 
* * n N 
a ir» "Ta 


" Finn hel SLE - 9" 
3 nr ow — . 
* 5 + POO I RO Ru 


106 Vegetable Satie. 


of which continually paſſed off, and were 


ſucceeded by others, as at the tranſverſe cuts 
in the Experiments of this chapter. And as 
there, ſo in theſe, the quantity of air bub- 


bles decreaſed every day, ſo as at laſt to have 


very few : The part i immerſed in the wa- 


ter, being become ſo ſaturate therewith, as 
to leave no room for air to pals. 7 
After 20 days I picked the minium out 
of the tube, and found the water had riſen 
z feet 7 inches, and would no doubt have 


riſen higher, if it had not been clogged 


by the mercury in the gage 5. For which 
reaſon the moiſture roſe but 20 inches in 
the aſhes, where it would otherwiſe have 
_ riſen 30 or 40 inches, | 


And as Sir Iſaac Newton (in his Op- 


| ticks, query 31.) obſerves, © The water riſes 

< up to this height, by the action only of 

_ « thoſe particles of the aſhes which are up- 
e on the ſurface of the elevated water; the 
e particles which are within the water, at- 

e tracting or repelling it as much down- 
„ wards as upwards ; and therefore the ac- 
4 tion of the particles is very ſtrong: But 
e the particles of the aſhes being not ſo 
* denſe and cloſe together as thoſe of glaſs, 


— 


ee their ation | is not ſo ſtrong as that of 


| 6 * glaſs, 


recipi 


diam. 


* 


ce 


<< keep water ſuſpended to the ee of a- 


c bove 60 fect. 
E By the ſame Feines a e ſucks 
« in water, and the glands in the bodies of 
e animals, according to their ſeveral natures 
« and diſpoſitions, ſuck in Various juices 
te from the blood.” 
And by the ſame principle it is, that we 
ſee in the preceding Experiments plants i im- 
bibe moiſture ſo vigorouſly up their fine ca- 


pillary veſſels; which moiſture, as it. is car- 


ried off in perſpiration, (by the action of 


warmth) thereby gives the ſap veſlels liber- 
ty to be almoſt continually attracting of 


freſh ſupplies, which they could not do, if 


they were full ſaturate with moiſture : For 
without perſpiration the ſap muſt neceſſarily 


ſtagnate, notwithſtanding the ſap veſſels are 
ſo curiouſly adapted by their exceeding fine- 


neſs, to raiſe the ſap to great heights, in a 


reciprocal proportion t to n very minute | 
diameters. : 
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olaſs, which keeps quick-ſilyer ſuſpended 7 


« to the height of 60 or 70 inches, and 
c therefore acts with a force, which would 
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CHAP. 1 


Ein. Experiments ſewing the Nr of the A ap 


in the Vine in the Jo 8 859 


AVIN G in the firſt chapter ſhown 
many inſtances of the great quanti- 
ties imbibed, and perſpired by trees, and in 


the ſecond chapter, ſeen the force with 


| which they do imbibe moiſture ; I propoſe 


next to give an account of thoſe Experi- 
ments, which prove with what great force 
the ſap of the Vine is puſhed forth, 


in the 
bleeding ſeaſon. 


Exes RIMENT XXXIV. 


| March zoth at 3 p. m. I cur off a Vine 
on a weſtern aſpect, within ſeven inches of 
the ground, the remaining ſtump c (Fig. 17.) 
had no lateral branches: It was 4 or 5 years 
| old, and inch diameter. Ifix'd to the top 
of the ſtump, by means of the braſs collar 
b, the glaſs tube 4 f, ſeven feet long, and 
>. inch diameter; I ſecured the joynt & with 
Riff cement made of melted Bees-wax and 
Turpentine, and bound it faſt over with ſe- 

veral folds of wet adder and pack-thread : 
—— then 


I the 
and t 
> 0 
filled 
the v 
3 inc 


_ event 


ſhow, 


Water 


was | 


The 


Was 1 
Marc, 
the ſa 


4. N. 


freezit 


lap ro 
inches 
till it 

very p 
b had 

ping 
the rat 
riſe 10 
bleedit 
night: 
than n 


| heat fo) 


L 


ars 
op 
lar 
nd 
ith 
ind 

ſe- 


ad: 


zen 


evening. 


nnr, ..- na 


I then ſcrewed a ſecond tube f g tothe firſt, 


and then a third g a to 25 feet height. 


| The ſtem not bleeding into the tube, 1 
filled the tube two feet high with water, 


the water was imbibed by the ſtem within 
3 inches of the bottom, by 8 a clock that 


ſhower. 
water was riſen three inches above what it 


was fallen to laſt night at eight a clock. 
The Thermometer which hung in my porch 
was 11 degrees above the freezing point. 
March 31ſt from 6 + + 4. m. to 10 p. m. 


the ſap roſe 8 + 4 inches. April 1ſt at 6 


4. . Thermometer 34 degrees above the 
freezing point, and a white hoar froſt, the 
ſap roſe from ten a clock laſt night 3 K 


inches more; and ſo continued riſing daily 
till it was above 21 feet high, and would 


very probably have riſen higher, if the joynt 


b had not ſeveral times leaked : After ſtop- 
ping of which it would riſe ſometirges at 


the rate of an inch in 3 minutes, ſo as to 
riſe 10 feet or more in a day. In the chief 


bleeding ſeaſon it would continue riſing 


night and day, but much more in the day 


than night, and moſt of all in the greateſt 


— of the T. and what little ſinking it 


* * 


In the night it rained a ſmall 
The next morning at 6 ＋ 2, the 
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had of 2 or 3 inches was always after ſun · 


ſet, which I ſuſpect was principally occa- 
ſioned by the ſhrinking and contraction of 


the cement at 6, as it grew cool. 
When the ſun ſhined hot upon the Vine, 


there was always a continued ſeries of air 5 


bubbles, conſtantly aſcending from the ſtem 
thro the ſap in the tube, in ſo great plenty 


as to make a large froth on the top of the 


ſap, which ſhews the great quantity of air 
which is drawn in thro' the roots and ſtem. 
From this Experiment we find a conſide- 


rable energy in the root to =_ * ſap in 


> : me bleeding ſeaſon. 


This put me upon trying, whether 1 


. TOP find any proof of ſuch an energy, 
when the bleeding ſeaſon Was over, in or. 
| der to | which, 55 


EXPERIMENT XXXV. 


" July 4th at noon, I cut off within 3 in- 
ches of the ground, another Vine on a | 
ſouth aſpect, and fixed to it a tube 7 feet 


high, as in the foregoing Experiment : 1 


' filled the tube with water, which was im- 


| bibed by the root the firſt day, at the rate 
of a foot in an hour, but the next day much 


= more Dow, "or it was contiriually ſinking, | 
| 1 Fg lo 


— 


much as ſtationary. 


in the garden pot, it is plain, that a very 
conſiderable quantity of ſap was daily preſ- 


tion of the leaves, before I cut the Vine off. 

And if this great quantity were carried up by 

pulſion or truſion, it muſt needs have riſen 
out of the ſtem into the tube. | 


Now ſince this flow of ſap ceaſes at once, 
as ſoon as the Vine was cut off the ſtem, 


| the principal cauſe of its riſe muſt at the 
ame time be taken away, vig. the great 
perſpiration of the leaves. 


Y that the ſap enters the ſap veſſels of plants 
up to great heights in thoſe veſſels, by the 
vigorous undulations of the ſun's warmth, 


the veſicles and ſap veſſels, and thereby make 
them dilate and contract a little; yet it ſeems 


as plain (from many Experiments, as parti- 
cularly Exper. 13, 14, 15. and Exper. 43.) 


noten 


Pegetable Sack, ue 
ſo that at noon day I could not ſce it ſo- 


Vet by Experiment the , on the Vine 


ſing thro this ſtem, to ſupply the perſpira- 


For tho it is plain by many Experiments, 


with much vigour, and is probably carried | 
which may reciprocally cauſe vibrations in 


where tho' we are aſſured that a great quan- 


tity of water paſſed by the notch cut 2 or 3 
feet above che end of the ſtem; yet was the 
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. notch very dry, becaule the attraction of the 1 


perſpiring leaves was much greater than the 
force of truſion from the column of water. 
From theſe Experiments, 1 ſay, it ſeems 


. evident, that the capillary ſap veſſels, out of 
the bleeding ſeaſon, have little power to pro- | 


trude ſap in any plenty beyond their ori- 
| fices; but as any ſap is evaporated off, they 
can by their ſtrong attraction (aſſiſted by 


= the genial warmth of the ſun) ſupply the 
great quantities of tp: drawn off *7 perſpi- 


ration. 


„„ XXXVI. 


hh April 6th at 9. 4. m. rain the evening be- 
| fore, I cut off a Vine on a ſouthern aſpect, 
at 4 (Fig. 18.) two feet nine inches from 


the ground, the remaining ſtem 4 6, had 
- no lateral branches, it was 3 inch diameter; 
I fixed on it the mercurial gage @ . At 11 

4. m. the mercury was riſen to æ, 15 inches 
higher than in the leg x, being puſhed down 
at x, by the force of the Tap which came | 


- Out of the ſtem at 4. | 
At 4p. m. it was ſunk an inch in the legs SY) 
April 7th at 8 4. mn. riſen very little, a 


fog: at 11 4. m. tis 17 Inches bigh, and the 
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April roth at 7 4. m. mercury 18 inches 
high; I then added more mercury, fo as to 
make the ſurface 2 23 inches higher than x ; 


the ſap retreated very little into the ſter., 
upon this additional weight, which ſhews 
with what an abſolute force it adyances: at 


noon it was ſunk one inch, 
April 11that7 4. m. 24 + + | inches high, 
ſun-ſhine : at 7 p. m. 18 inches high. _ 
April 14th at 7 4. m. 20 + - inches high, 


at 9 4. m. 22 ＋ , fine warm ſun-ſhine; 
here we ſee that the warm morning ſun 


gives a freſh vigour to the ſap. At 11 4.m. 
the ſame day 16 + A, the great renn 
of the ſtem makes it ſink. 


April 16th at 6 4. m. 19 dos rain. 4 


p. m. 13 inches. The ſap (in the foregoing 
Experiment, numb. 34.) riſen this day ſince 


ration of the ſtem; which there was little 
room for, in the very ſhort ſtem of the other. 
April 17 at 11 4. m. 24 + inch high, 


of the rain. 
April 18th at 74. m. 32 * 4 indes high, 
and would have riſen higher, if there had 


— 


noon 2 inches, while this ſunk by the perſpi- 


rain and warm; at 7 p. m. 29 , fine warm 
rainy weather, which made the ſap riſe all 
day, there being little n by reaſon | 
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been more mercury in the gage; it being 
all forced into the leg y S. From this time 
to May 5th, the force gradually decreaſed. 
FThe greateſt height of the mercury being 
332 ＋ inches; the force of the ſap was 
then equal to 36 feet 5 +7 inches o"_ 


£ left crural artery, where it firſt enters thei 
thigh, I fixed to it (by means of two brals 
pipes, which run one into the other (a glaſs 
tube of above ten feet long, and +th of an 
5 inch Gamerer | in 1 bore: In which tube the 


of water. 
Here the force of the riſing fp in the 


morning is plainly owing to the energy of 
the root and ſtem. In another like mercurial 
gage, (fixed near the bottom of a Vine which 
run 20 feet high) the mercury was raĩſed by 
the force of the ſap 38 inches equal to 43 


feet + 3 inches + height of water. 
Which force is near five times greater than 


5 the force of the blood in the great crural ar- 
tery of a Horſe; ſeven times greater than 
the force of the blood in the like artery of 


a Dog; and eight times greater than the} 
blood's force in the ſame artery of a fallow! 


Doc: Which different forces I found by 


tying thoſe ſeveral animals down alive upon 
their backs; and then laying open the great 
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blood of one horſe roſe eight feet three in- 
ches, and the blood of another Horſe ei ght 


feet nine inches. The blood of a little 
Dog ſix feet and half high: In a large 


Spaniel ſeven feet high. The blood of 


the fallow Doc mounted five feet eren 
Inches. = 


E XPERIMENT_ XXXVII. 
April 4th, I fixed three mercurial gages 


(Fig: 19.) 1, B, C to a Vine, on a ſouth- 


eaſt aſpect, which was 50 fect long, from 


the root to the end ru. The top of the wall 


was 11 ＋ feet high; from i to &, 8 feet; 


from k to e, 6 feet & 4 from e to A, 1 


foot 10 inches; from e to o, 7 feet; from 


0 to B, 5 ＋ feet; from o to C, 22 feet 9 
inches; from o to , 32 feet 9 inches. 


The branches to which A and C were 


fied were thriving ſhoots two years old, 


but the branch o B was mach older. 


When l firſt fixed them, the mercury was 

puſhed by the force of the (ap, in all the 
gages down the legs 4, 5, 13, ſo as to riſe | 
nine inches higher in the other legs. 


The next morning at 7 4. m. the mer- 
cury in A was puſhed 14 +7 inches high, 
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I ue greateſt height to which they puſhed | 


| the ſap ſeverally was A 21 an, 5 __ 
inches, C 26 inches. 


The mercury conſtantly ſubſided by ts 
retreat of the ſap, about 9 or 10 in the 
morning, when the Sun grew hot; but in 
 avery moiſt foggy morning the ſap was later 


before it retreated, vViS. till noon, or ſome 


time after the fog was gone. 


About 4 or 5 4 clock in the afternoon, 


when the Sun went off the Vine, the ſap 


began to pulh afreſh into the gages, ſo as 


to make the mercury riſe in the open legs; 
but it always roſe faſteſt from ſun-riſe till 
| 9 or 10 in the morning. 


The ſap in B (the oldeſt ſtem) play d he 
moſt freely to and fro, and was therefore 


ſooneſt affected with the changes from hot 
to cool, or from wet to dry, and vice versã. 


And April 10, toward the end of the 


bleeding ſeaſon, began firſt to ſuck up the 


mercury from 6 to 5, ſo as to be 4 inches | 

4 : Fx higher in that leg than the other. But 
Abril 24, after a night's rain, B puſhed the 
mercury 4 inches up the other leg; A did not 
begin to ſuck till April 29, viz. 9 days after 


B:; C did not begin to ſuck till May 3. vig. 
13 days after B, and 4 days after A. May 5. 


4 33% 
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22 
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at 7 4. m. A puſhed 1 inch, ol +2 but 


towards noon they all three ſucked. 


I have frequently obſerved the ſame dif. 
ference in other Vines, where the like gages 
have been fixed at the ſame time, to old 


and young branches of the ſame Vine, VIZ. 


the oldeſt began firſt to ſuck. 

In'this Experiment we ſee the great force 
of the ſap, at 44 feet 3 inches diſtance from 
the root, equal to the force of a column of 


water 30 feet 11 inches + + high. 
From this Experiment we ſec too, that 


this force is not from the root only, but 
muſt alſo proceed from ſome power, in the 
ſtem and branches: For the branch B was 
much ſooner influenced by changes from 
warm to cool, or dry to wet, and vice Vers, 
than. the other two branches A or C; and 
B was in an imbibing ſtate, 9 days before 
A, which was all that time in a ſtare of 
puſhing ſap; and C puſhed 13 days after 83 
had ceaſed puſhing, and was in an imbi- | 


bing ſtate. 
Which imbibing tate Vines and Apple- 


trees continue in all the ſummer, in every 
branch, as I have found by fixing the like : 
84868 to them in . 


— . 2 


oe a. jo 

ARIEL 

Ca S 2088-27 12.4 2 
— 


+15 p09 is 
* 
naw* - 


— — m _ — — 
r . 
ws» . — — 5 . . — * 
1 2 1 eb 4 hed 8 
— — — — PS 
— ue — — od 
—— ** 32 a> 5 
2 3 5 , . 
ere rern 


LI 0 


: ha It HIS on > 
r — 
Xl — me WARE 
— — — ——— —— 2 
P 

— — aide ad — * 

A ——— — — * 1 
E „„ CITE 

n R gg r peers e 


1 
— ” 1 
r — ND 3s en 4 4 i 
8 RE . wo „ 2 1 1 4 Neb 2 2 bs > 1 
5 * Fi 
n 2 N , O + 2 4 * — C {4 
— — — R rr — — . = — - * —— * . * 4 
= 2 - _ ———— S rn nas r 8 1 : 
ac ESE ALKYL 44 AAA. at ves Aon it te $6 gt ents. ee 0449840 89 2 A 1 << 54:44 
„rr I rg AAR 8 n * * * N * ee neee — * _— 1 
- — — 7 : — S res . * Nn | ED 
1 4 * l 9 


. a; 4 _ . 
— — 2 — ö 
rr. — ” — 


r 


— ern e — 
n 
a: — pages 
1 — 
» - * 


. 


— — bs airs - v n en pry Ee Royer) Who > arte OH A er rene re 
3 a a 8 "n ” * ” _ ſo nd — — 
2 — — n - 
—— — 2 22 wh ws 2 r 8 — ä — — . r 2 
n — — * . . cer n lb Md bo eee A — ... A. Tore Oe? — — n CO 
r mn ID — 25 0 IR . a 8 I 242 * » * * e 
— _— — — had 0 * , * 

, 4 


ACIDS WEE Df AH x 


"Wt; oy 


—— 


: LEA 
ES FITS. LIEN ies EI e een TT 
q — . 5 * —— — 5 - 
— — — 
5 — — — — . at * 


DD 


118 Vegetable Haticls. 


EXPERIMENT XXXVII. 


March ro. at the beginning of the bleed- 


ing ſeaſon, (which is many days ſooner of 
later, according to the coldneſs or warmth, 
moiſture or dryneſs of the ſeaſon) I then 
cut off a branch of a vine 6 f e g at b, (Fig, 
20.) Which was 3 or 4 years old, and ce- 
mented faſt on it a braſs- collar, with a ſcrew 
in it; to that I ſcrewed another braſs collar, 
which was cemented faſt to the glaſs tube 
S, 7 feet long and + inch diam. (which J 
find to be the propereſt diam,) to that I 


ſcrewed others, to 38 feet height. Theſe 


tubes were faſtened and ſecured in long 


| Wooden tubes, 3 inches ſquare, one ſide of 
which was a door opening upon hinges; 


the uſe of thoſe wooden tubes was to pre- 


ſerve the glaſs tubes from being broke by 
the freezing of the ſap in them in the 
night. But when the danger of hard froſts 


was pretty well over, as at the beginning of 
April, then I uſually fix d the glaſſes with- 
out the wooden tubes, faſtening} them to 


ſcaffold poles, « or two long iron Rake drove | 


into the wall. 


Before 1 proceed to give an account of : 
wy riſe and fall of on ſap, in in the tubes I 
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will firſt deſcribe the manner of cement- 


ing on the braſs collar þ, to the ſtem of the 
Vine in which I have been often diſappoint- 


ed, and have met with difficulties ; it muſt 


therefore be done with great care. 


Where I deſign to cut the ſtem, I firſt 
pick. off all the rough ſtringy bark carefully 
with my nails to avoid making any wound 
thro' the green inner bark; then I cut off 
the branch at , (Fig. 21.) and immediately 
draw over the ſtem a piece of dried ſneeps- 


gut, which I tie faſt, as near the end of the 
ſtem as J can, ſo that no ſap can get by it; 
the ſap being confined in the gut i f: Then 


F wipe the ſtem at z very dry with a warm 


cloth, and tie round the ſtem a ſtiff paper 


funnel x i, binding it faſt at x to the ſtem ; 


and pinning cloſe the folds of the paper from 


x to i: Then I ſlide the braſs collar 7 over 
the gut, and immediately pour into the pa- 
per funnel melted brick-duſt cement, and 
then ſet the braſs collar into it; which col- 


aer is warmed, and dipped before in the ce- 


ment, that it may the better now adhere: 
When the cement is cold, I pull away the 


gut, and ſcꝛew on the glaſs tubes. = 
But finding ſome inconvenience in this 
hot gement (becauſe its heat kills the ſap 
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120 Vegetable Staticks. 
veſſels near the bark, as is evident by their 
being diſcoloured) I have ſince made uſe of 
the cold cement of Bees-wax and Turpen- 
tine, binding it faſt over with wet bladder 
and pack-thread, as in Exper. 34. 5 
Ignſtcad of braſs. collars, which ſcrewed 
into each other, I often (eſpecially with the 
Syphons in Exper. 36, and 37.) made uſe 
of two braſs collars, which were turned a 
little tapering, ſo that one entered and ex- 

actly fitted the other. 
I, nhis joining of the two collars was ef. 
fectually ſecured from leaking, by firſt a- 
nointing them with a ſoft cement; and 
they were ſecured from being disjoined, by 
the force of the aſcending ſap, by twiſting 

pack-thread round the protuberant knobs 
on the ſides of the collars. When I would | 


5 ſeparate the collars, 1 found it neceſſary 


| (except in hot Sun-ſhine) to melt the ſoft 
cement by applying | hot irons on the out- 
ſide of the collars. _ 

It is needful to ſhade all the cemented 
joints from the Sun with looſe folds of pa- 
per, elſe its heat will often melt them, and 
ſo dilate the cement, as to make it be drove 
forcibly up the tube, which "RT the Ex- 


ent. 
The | 


TY gum Hg .. 
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The Vines to which the tubes in this Ex- 
periment were fixed, were 20 feet high from 


the roots to their top; and the glaſs tubes 


fixed at ſeveral heights 6 from the ground, 


from 6 to 2 feet. 


The ſap would riſe in the mb the firſt 
day, according to the different vigour of the 


bleeding ſtate of the Vine, either 1, 2; 5, 
12, 15, or 25 feet; but when it had got to 
its greateſt height for that day, if it was in 
the morning, it would conſtantly begin to 


ſubſide towards noon. | 
If the weather was very cool about the 


middle of the day, it would ſubſide only 
from 11 or 12 to 2 in the afternoon; but 


if it were very hot weather, the ſap would 
begin to ſubſide at 9 or 10 a clock, and 
continue ſubſiding till 4, 5, or 6 in theeven- 
ing, and from that time it would continue 


| ſtationary for an hour or two; after which 
it would begin to riſe a little, but not 


much in the -night, nor till after the ſun 
was up in the many at which time it 


E roſe faſteſt. 


The freſher the cut of the Vine was, and 


| the warmer the weather, the more the ſap 
would riſe, and ſubſide in a . as 7 or 6 


feet. t e EEO 
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Baut if it were 5 or 6 days ſince the Vine 
was cut, it would riſe or ſubſide but little; 


the ſap-· veſſels at the tranſverſe cut 1 
ſaturate and contractet. 


But if I cut off a joint or two . — the . 
tem, and new fixed the tube, the ſap would 


then riſe and ſubſide vigorouſly. 


Moiſture and warmth made the ſap moſt | 


vigorous. 
If the beginalag or middle of the bleed 


| Ing ſeaſon, being very kindly, had made the 


motion of the ſap vigorous, that vigour 
would immediately be greatly abated by 
cold eaſterly winds. 


If in the morning, while the ſap is in a 


riſing ſtate, there was a cold wind with a 
mixture of ſun-ſhine and cloud ; when the 


Sun was clouded, the ſap would immedi- 
atcly viſibly ſubſide, at the rate of an inch in 
a a minute for ſeveral inches; if the Sun con- 


tinued ſo long clouded : But as ſoon as the 


Sun-beams broke out again, the ſap would 


immediately return to its then riſing ſtate, 
juſt as any liquor in a Thermometer riſes and 


falls with the alternacies of heat and cold; 


| whence tis probable, that the plentiful riſe 


of the ſap in the Vine in the bleeding ſea- 
When 


ſan, is effected in 8 ſame manner. 
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When three Tubes were fired at the 


the ſap would begin to riſe in the morning 


ern, and laſt in the weſtern tube: And to- 


ſouthern, and laſt in the weſtern tube. 


ſame old weſtern trunk, 15 inches from 


at the ſame time fixed to each of them; 


D : — . 
„ eee. — > SG ͤ d 


eee ee ä ²˙ ORR Pons os 


came on, riſe firſt in the ſouthern, then 


ſubſide, firſt in the —— then i in the 
weſtern tube. 
Rain and warmth, aan cold 104 dey; 


without ſubſiding, tho' it would riſe then 
the quantity imbibed by the root, and 


ſe | raiſed from it, excccded the _—_ _ 
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ſame time to Vines on an caſtern, a ſouth- 
ern, and a weſtern Aſpect, round my Porch, 


, I firſt in the caſtern tube, next in the ſouth- 


wards noon it would accordingly begin to 
ſubſide, firſt in the eaſtern tube, next in the 


Where two branches aroſe from the 
the ground; and one of theſe branches 
was ſpread on a ſouthern, and the other 
on a weſtern Aſpect; and glaſs tubes were 


the ſap would in the morning, as the Sun 


in the weſtern tube; and would begin to 


would make the ſap riſe all the next day, 


loweſt about noon ; becauſe in this caſe. 
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The ſip begins to riſe ſooner in the morn- 


ing in cool weather, than after hot days; 


the reaſon of which may be, becauſe in 
hot weather much being evaporated, it is 
not ſo ſoon ſupplied by the roots as in cool 
8 when leſs is evaporated. 


In a prime bleeding ſeaſon 1 fix'd a a 50 


25 feet long to x thriving branch two years 
old, and two feet from the ground, where 
it was cut off; the ſap flowed ſo briskly, 


as in 2 hours to flow over the top of the 
tube, which was 7 feet above the top of 


the Vine; and doubtleſs would have riſen 
higher, if I had been b een to n 
the tube. 
When at the diftarice of four or five 
days, tubes were affixed to two different 
branches, which came from the ſame ſtem, 
the ſap would riſe higheſt in that which 
was laſt fixed; yet if in the fixing the ſe- 
cond tube there was much ſap loſt, the ſap 
would ſubſide in the firſt tube; but they 
would not afterwards have their ſap in c- 
quilibrio; 2. e. the ſurface of the ſap in each 


was at very unequal heights ; the reaſon of, 
4 becauſe of the difficulty with 

which the ſap paſſes thro' the almoſt ſatu- 
rate and contracted Capillarics « of the firſt au, 


which is, 


ably « 
ratior 
that t 
in the 
warm 
perſpi 


ration 
Wards 
when 


— 


In very hot weather many air bubbles 


would riſe, ſo as to make a froth an inch 


deep, on the top of the ſap in the tube. 
I fix'd a ſmall air Pump to the top of a 


long tube, which had 12 feet height of ſap 


in it; when I pumped great plenty of bub. 
bles aroſe, tho' the ſap did not riſe, but fall 


a little, after I had done pumping. 
In Experiment 34. (where a tube was 


fixed to a very ſhort ſtump of a Vine, with- 


out any lateral branches) we find the ſap 


roſe all day, and faſteſt of all in the greateſt | 


heat of the day : But by many obſervations 
under the 37th and this 38th Experiments, 
we find the ſap in the tubes conſtantly ſub- 


ſided as the warmth came on towards the 


middle of the day, and faſteſt in the greateſt 
heat of the day. Whence we may reaſon- 
ably conclude (conſidering the great perſpi- 


rations of trees, ſhewn in the firſt chapter) 
that the fall of the ſap in theſe ſap gages, 
in the middle of the day, eſpecially in the 
warmer days, is owing to the then greater 


perſpiration of the branches, which perſpi- 


ration decreaſes, as the heat decreaſes to- 


wards evening, and probably wholly ceaſes 
when the de ws fall. 


But 
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8 But when towards the latter end of April 
53 the ſpting advances, and many young ſhoots 


ate come forth, and the ſurface of the Vine 


is greatly increaſed and enlarged, by the 
expanſion of ſeveral leaves; whereby the 
perſpiration is much increaſed, and the ſap | 
more plentifully exhauſted, it then ceaſes 
to flow in a vilible manner, till the return 
of the following ſpring. 
And as in the Vine, ſo is the caſes the 
ſame in all the bleeding trees, which ceaſe 
bleeding as ſoon as the young leaves begin | 
to expand enough to perſpire plentifully, 
and to draw off the redundant ſap. Thus 
the bark of Oaks, and many other trecs, 
molt cafily ſeparates while it is lubricated | 
with plenty of fap : But as ſoon as the leaves 
expand ſufficiently to perſpire off plenty 
of ſap, the bark will then no longer run (as 
they term it) but adheres moſt „ to 
Te the wood. | 


EXPERIMENT XXXIX. 
In order to try if J could perceive the 


ſtem of the Vine dilate and contract with | | 


heat or cold, wet or dry, a bleeding or not 
bleeding ſeaſon, ſome time in February, I 


fix'd to 1 ſtem of a Vine an inſtrument in 
; 8 ſuch 


—— 
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ſuch a manner, that if the fiem had dila- 


ted or contracted but the one hundredth 
part of an inch, it would have made the 
end of the inſtrument (which was a piece 
of ſtrong braſs-wire, 18 inches long) riſe 


or fall very ſenſibly about one tenth of an 
inch; but I could not perceive the inſtru- 


ment to move, either by heat or cold, a 


bleeding or not bleeding ſeaſon, Vet when- 
ever it rained the ftem dilated ſo as to raiſe 
the end of the inſtrument or lever of an 
inch, and when the ſtem was dry it ſubſid- 
ed as much. 

This Experiment 8 that the ſap (e- 
ven in the bleeding ſeaſon) is confined in its 
proper veſſels, and that it does not confu- 
ſedly pervade every interſtice of the ſtem, as 
the rain does, which entering at the per- 
ſpiring pores, ſoaks into the e and 
thereby dilates the tem. 
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e CHAP. 1v. 


Experiments foewing the ready caveat mo- 
tion of the ſap, and conſequently the late- 
ral communication of the ſap veſſels. The 


E Free paſſage of it from the ſmall branches 


| towards the ſtem, as well as from the ſtem 


to the branches. With an account of ſome 


Experiments, relating to the circulation 
or Vente of the ſa /a 7p. 


EXPERIMENT XL. 
FN onder to find whether there was any 


lateral communication of the ſap and 
x — veſſels, as there is of the blood in ani- 


mals, by means of the ramifications, and 


lateral communications of their veſſels: 


Auguſt 15th, I took a young Oak branch 


2 inches diameter, at its tranſverſe cut; 6 
feet high, and full of leaves. Seven in- 
ches from the bottom, I cut a large gap to 
the pith, an inch long, and of an equal 
depth the whole length; and four inches 
above that, on the oppoſite ſide, I cut ſuch 
another gap; 1 ſet the great end of the 


ſtem in water: It imbibed and perſpired in 


two + and two mn 13 ounces, while 


another 


ano 
that 
imb 
A 
witl 
perſ 
and 
e 
Cher 


to tl 


Iſt N 
.had : 
Out 2 
it im 
in tu 

wW 
latera 
veſlel: 
ving | 

Expet 
woo 

An 

not b 


On tre 


Duke- 
each c 
tinued 
the lea 
tree. 


Vegetable — 8 9 


another like Oak branch, ſome what bigger 
than this, but with no notch cut in its tent, 
imbibed 25 ounces of water. x0 
At the. lame time I tried the like Exper. 5 
with a Duke-Cherry branch; it imbibed and 
perſpired 23 ounces in 9 hours the firſt day, 
and the next day 15 % 7 45 | 


At the ſame time I took another Duke- 


Cherry branch, and cut 4 ſuch ſquare gaps 
to the pith, 4 inches abaye each other; the 
' 1ſt North, 2d Eaſt, 3d South, 4th Weſt: It 
had a long lender ſtem, 4 feet length, with- 


out any branches, only at the very top; yet 


it imbibed in 7 hours day 9 ounces, and 
in two days and two nights 24 ounces. 


We ſee in theſe Experiments a moſt free 
lateral communication of the ſap and ſap 


veſſels, theſe great quantities of liquor ha- 
ving paſſed laterally by the gaps; for by 
Experiment 13, 14, 15. (on Cy linders of 
wood) little evaporated at the gaps. 


- And in order to try whether it would 


not be the ſame in branches as they grew 
on trees, I cut two ſuch oppoſite gaps in a 
Duke-Cherry branch, ; inches diſtant from 


each other: The leaves of this branch con- 
tinued green, within 8 or 10 days as long as 
the leaves on the other branches of the ſame 
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The ſame day, vig. Aug. 15th, 1 cut 
two ſuch oppoſite gaps 4 inches diſtant, in 
an horizontal young thriving Oak-branch ; 
it was I inch diameter, 18 days after ma- 
ny of the leaves begun to turn yellow, 
which none of the leaves of other boughs 
then. 

The ſame day I cut off the bark for « one 
inch length, quite round a like branch of 
the ſame Oak; eighteen days after the leaves 
were as green as any on the ſame tree; | 
but the leaves fell off this and the fore- 


going branch early in the winter; yet con- 


tinued on all the reſt of the boughs of the 
tree (except the top ones) all the winter. 
Ihe ſame day I cut four ſuch gaps, two 
inches wide, and nine inches diſtant from 
each other, in the upright arm of a Golden- 


Nenate-tree; the diameter of the branch 


Was 2 + inch, the gaps faced the four 


7 cardinal points of the compaſs ; the apples 1 


i and leaves on this branch flouriſhed as | 
well as thoſe on other branches of the 


fame tree. 


Here again we ſee the very free lateral | 
paſſage of the ſap, where the direct paſſage 
i levoral times et, 125 
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EXPERIMENT XLII. 
Ang. 13th, at noon I took a large branch 
of an Apple-tree, (Fig. 22.) and cemented 

up the tranſverſe cut, at the great end x, 
and tied a wet bladder over it: I then cut 
off the main top branch at 6; where it 
was + inch diameter, and ſet it thus i invert- 
ed into the bottle of water 6. 

In three days and two nights it imbibed 
and perſpired 4 pounds 2 ounces + + of 
water, and the leaves continued green; the 
leaves of a bough cut off the ſame tree at 
the ſame time with this, and not ſet in 

Water, had been withered Jony houn be- 
fore. This, as well as the great quanti- 
ties imbibed and perſpired, ſhews, that the 

| water was drawn from 6 moſt freely to e, 

F. g. b, and from thence down their re- 
ſpective branches, and {o- -perigired off by 
the leaves. 8 

This Experiment may ſerve to explain 

the reaſon, why the branch 6, (Fig. 23.) 
which grows out of the root c x, thrives 
very well, notwithſtanding the root c x is 
here ſuppoſed to be cut off at , and to 

be out of the ground: For by many Expe- 
riments in the firſt and ſecond chapters, it 
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is evident, that the branch 6 attracts fe 
at x with great force: And by this pre- 
ſent Experiment, tis as evident, that ſap 
will be drawn as freely downwards from 
the tree to x, as from © to &, in caſe the 

end c of the root were in the ground ; 


whence tis no wonder, that the branch“ 


thrives well, tho' there be no circulation 
of the ſap. 
This Irperiment 41, and Experiment 26. 
do alſo fhew the reafon why, where three 
trees (Fig. 24.) are inarched, and thereby 
incorporated at x and Z, the middle tree 
will then grow, tho' it be cut off from its 
roots, or the root be dug out of the ground, 
and ſuſpcnded in the air; vis. becauſe the 
middle tree 6 attracts nouriſhment ſtrongly 
at x and E, from the adjoining trees à c, 
in the ſame manner as we ſee the inverted 
boughs imbibed water in theſe 2 Hut 26, 
and 41. 
And from the ſame reaſon it is that 
Elders, Sallows, Willows, Briars, Vines, 
and moſt Shrubs, will grow in an invert- 


cd ſtate, witty: their tops downwards in 
the earth. 


Ex PR- 


* 


ExPERIMENT n 


July 27th, I repeated Monſicur Peraults 
BN vir. I took Dule· Cherry, Ap- 


ple and Curran-Boughs, with two branches 

cach, one of which 4 & (Fig. 25.) I immer- 

ſed in the large veſſel of water e 4, the o- 
ther branch hanging in the open air: I hung 


ans, | 133 


ona rail, at the ſame time, other branches 


of the ſame ſorts, which were then cut off. 


After three days, thoſe on the rails were very 


much withered and dead, but the branches 


6 were very green; in 8 days the branch 6 


of the Duke-Cherry was much withered 


but the Currans and Apple-branch b did not 


fade till the eleventh day: Whence tis plain, 
by the quantities that muſt be perſpired in 
eleven days, to keep the leaves & green ſo 
long, and by the waſte of the water, out of 


the veſſel, that theſe boughs & muſt have 
drawn much water, from and through the 


other boughs and leaves c, Which were im- 


merſed in the veſſel of water. 
I repeated the like Experiment on th 


branches of Vines and Apple. trees, by r 


ning their boughs as they grew into = 
_ glaſs chymical retorts full of water, where 
the leaves continued green for ſeveral 
ä «A weeks, 


. 
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weeks, and imbibed conſiderable quantities 

off water. 

This ſhews how very / probable it is, that 

rain and dew is imbibed by d eſpe- 
cially in dry ſeaſons. 


Which is further confirmed by Experi- | 


ments lately made on new-planted trees; 


where by frequently waſhing the bodies of 7 


the moſt unpromiſing, they have out-ſtrip- 
ped the other trees of the fame plantation. 
And Mr. Miller adviſes, Now and then 
e in an evening to water the head, and with 
& a bruſh to waſh and ſupple the bark all 


te round the trunk, which (ſays he) I have 


4 often found very ſerviceable.” Supple- 
went to his Gardener's Dittionary, Yol. II, 
under Planting. 


ra XLII. | 


Anenſt : 2oth, at 1 p. n. I took an Apple. 


branch 6, (Fig. 26.) nine feet long, 1 + 
inch diameter, with proportional lateral 


branches, I cemented it faſt to the tube a, 


by means of the leaden Syphon /: But firſt 


I cut away the bark, and laſt year's ringlet of 


wood, for 3 inches length to r. I then fil- 


led the tube with water, which was 12 feet 


long, and > inen diameter, having firſt cut 
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2 gap at y through the bark, and laſt year's 
wood, 12 inches from the lower end of 


the ſtem : the water was very freely imbib- _ 


ed, vis. at the rate of 3 + + inches in a 
minute, In half an hour's time I could 
_ plainly perceive the lower part of the gap y 
to be moiſter than before; when at the 


ſame time the upper part of the wound 


looked white and dry. ; 
Now in this caſe the water mult nccel- 


ſarily aſcend from the tube, thro' the inner- 
moſt wood, becauſe the laſt year's wood 


was cut away, for 3 inches length, all round 


the ſtem; and conſequently, if the ſap in 
its natural courſe deſcended by the laſt. 
year's ringlet of wood, and between that 


and the bark (as many have thought) the 


water ſhould have deſcended by the laſt 7s 
year's wood, or the bark, and ſo have firſt 


moiſtened the upper part of the gap y; but 


on the contrary, the lower part was moiſ⸗- 


tened, and not the upper part. 


— repeated this Experiment with a large 
Duke-Cherry branch, but could not perceive 

more moiſture at the upper than the lower 

part of the gap, which ought to have been, 


if the ſap deſcends by the laſt year's wood 
or the bark. 
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It Was the ſame in a Quince-branch as 


the Duke-Cherry. 
VN. B. When I cut a notch in either of 


theſe branches, 3 feet above r, at 9 AJ could. 


neither ſce nor feel any moiſture, notwith- 


ſtanding there was at the ſame time a great 


quantity of water paſſing by; for the branch 


755 | imbibed at the rate of 4, 3, Or 2 inches per : 


minute, of a column of water which was 
half inch diameter. 

The reaſon of which dryneſs of the 

notch q is evident from Experiment 11, 


vir. becauſc the upper part of the branch 
aVbove the notch imbibed and perſpired 
three or four times more water, than a 


column of ſeven feet height of water in 
the tube could impel from the bottom of 


. the ſtem to 4, which was three fect length 


of ſtem; and conſequently, the notch muſt 
neceſſarily be dry, notwithſtanding ſo large 


a ſtream of water was paſling by; vig. 
becauſe the branch and ſtem above the 
notch was in a ſtrongly imbibing ſtare, 


in order to ſupply the great it perſpiration 
| of the leaves, = | 
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EXPERIMENT XIIV. 
Auguſt 9th, at 10 4. m. I fix d in the ſame 
manner (as in the foregoing Experiment) 


a Duke-Cherry branch five feet high, and 


one inch diameter, but did not cut away 
any of the bark or wood at the great end; 
J filled the tube with water, and then cut 
a ſlice off the bark an inch long, 3 inches 
above the great end; it bled at the lower 
part moſt freely, while the * Part con- 
tinued dry. 

The ſame day I tried hs ſame. Experi- 
ment on an Apple- branch, and it had the 


ſame effect. 
From theſe Experiments tis ebe that 


the ſap aſcends between the bark and wood, 
as well as by other parts. 9 
And ſince by other Experiments it is 
found that the greateſt part of the ſap is 
raiſed by the warmth of the Sun on the 
leaves, which ſeem to be made broad and 
thin for that purpoſe; for the ſame reaſon, 
it's moſt probable, it ſhould riſe alſo in 
| thoſe parts which are moſt expoſed to the 
Sun, as the bark i 1. | 
And when we conſider, that the ſap wcC. 
ſels are ſo very fine as to reduce the ſap al- 
n _ + 
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moſt to a vapour, before it can enter them; 

the Sun's warmth on the bark ſhould moſt 

_ eaſily diſpoſe ſuch rarified ſap to aſcend, in- 
ſiead of defcending. 


 ExPRRIMENT XLV. 


Juby 27th, I took ſeveral branches of 
Currans, Vines, Cherry, Apple, Pear and 


Plumbetree, and ſet the great ends of each 
in veſſels of water x, (Fig. 3 1.) but firſt 
took the bark for an inch off one of the 


branches, as at S, to try whether the leaves 
above & at 6 would continue green longer 


than the leaves of any of the other branches 


4, c, d; but I could find no difference, 
the leaves withering all at the ſame time: 
Now if the return of the ſap was ſtopped 
at , then it would be expected, that the 
leaves at b ſhould continue green longer 
than thoſe on the other branches; which 
did not happen, neither was there any moiſ- 
ture at ⁊. 


ExPERIMENT XVI. 


In Auguſt, I cut off the bark for an inch 
round, of a young thriving Oak- branch, 


on the North-Weſt ſide of the tree. The 


leaves of this and another branch, which 
; had 


thin £ 
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had the bark cut at the ſame time, fell 
early, vis. about the latter end of October, 


when the leaves of all the other branches 


of the ſame tree, except thoſe at the very 


ter. 
This is a further proof, that leſs ſap goes 


to branches which have the bark cut off, 


than to others. 


The 19th of April following; the buds of 


this branch were 5 or 7 days forwarder than 
thoſe of other branches of the ſame tree; 
the reaſon of which may probably be, be- 
cauſe leſs. freſh ernde fap coming to this 


branch than the others, and the perſpira- . : 


tions in all branches being cæteris paribus 
nearly equal, the leſſer quantity of ſap in 
this branch muſt ſooner be inſpiſſated into 


a glutinous ſubſtance, fit for new produc- 


tions, than the ſap of other branches, that 


abounded with a n plenty of freſh 


thin ſap. 


The ſame is the reaſon why Apples, 
Pears, and many other fruits, which have 


ſome of their great ſap veſſels eaten aſun- 


der by inſeQs bred in them, are ripe many 


| days before the reſt of the fruit on the 


{ame bag, as alſo that fruit which is ga- 
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top of the tree, continued on F gil the Win- 
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thered ſome time before it is ripe, will ri- 
pen ſooner than if it had hung on the tree, 


tho' it will not be ſo good; becauſe in theſe 
caſes the worm-caten fruit is deprived of 


part of its nouriſhment, and the green ga- 


thered fruit of all. 

And for the ſame reaſon ſome fruits are 
ſooner ripe towards the tops of the trees, 
than the other fruit on the ſame tree; viz. 


not only becauſe they are more expoſed to 
the ſun; but alſo, becauſe being at a greater 


diſtance from the root, they have ſomc- 


* what leſs nouriſhment. 


And this is, doubtleſs, one reaſon why 


; plants and fruits are forwarder in dry, ſandy, 


or gravelly ſoils, than in moiſter ſoils; vis. 
not only, becauſe thoſe ſoils are warmer, 
on account of their dryneſs; but alſo, be- 
cauſe leſs plenty of moiſture is conveyed up 


the plants; which plenty of moiſture, tho 
tit promotes their growth, yet retards their 
coming to maturity. And for the ſame rea- 
ſon, the uncovering the roots of trees for 


ſome time, will make the fruit be conſide- 


rably the forwarder. 


And on the other hand, "37 trees s a- 
bound with too great a plenty of frcſh drawn 


Lap, 4 as is the caſc of trees whole roots arc 
Planted 


n 
8 
1 


: 
— „ 
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planted too deep in cold moiſt earth, as al- 
ſo of too luxuriant Peach and other Wall 
trees; or which comes almoſt to the ſame, 
where the ſap cannot be perſpired off in a 
due proportion; as in Orchards where trees 


ſtand too near each other, ſo as to hinder 
perſpiration, - whereby the ſap is kept in 


too thin and crude a ſtate; in all theſe caſes 
little or no fruit is produced, 


Hence alſo, in moderately dry ſummers, 
cæteris paribus, there is uſually greateſt plen- 
ty of fruit; becauſe the fap in the bear- 
ing twigs and buds is more digeſted, and 

brought to a better conſiſtence, for ſhoot- 
ing out with vigour and firmneſs, than it is 


in cool moiſt ſummers: And this obſerva- 


tion has been verified in the years 1723, 


1724, and 1725. See an account of them 
under it, Exp. 20. 
But to return to the ſubject of the mo- 


tion of the ſap; when the ſap has firſt paſſed 
 thro' that thick and fine ſtrainer, the bark of 


the root, we then find it in greateſt quanti- 
tics, in the moſt lax part, between the bark 


and wood, and that the ſame thro the whole 
tree. And if in the early ſpring, the Oak 


and ſeveral other trees were to be examined 


Near the top and bottom, when the ſap firſt 


begins 
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= to move, ſo as to make the bark 
 caſily run, or peel off, I believe it 11 
be found that the lower bark is firſt moiſ 
tened; whereas the bark of the top branches 
- ought firſt to be moiſtened, if the ſap de- 
ſcends by the bark: As to the Vine; I am 
pretty well aſſured that the lower bark is 
firſt moiſtened. 
Mee ſee in many of the foregoing Expe- 
riments, what quantities of moiſture trees 
da dally imbibe and perſpire: Now the ce- 


lerity of the ſap muſt be very great, if that 
quantity of moiſture muſt, moſt of it, aſ- 
cend to the top of the tree, then deſcend, 


and aſcend again, before it is carried off by 
perſpiration. 


The defect of a e in vegerables | 


; ſeems in ſome meaſure to. be ſupplied by 


the much greater quantity of liquor, which 


the vegetable takes in, than the animal, 


whereby its motion is accelerated; for by 


Experiment 1, we find the Sunflower, bulk 
for -bulk, hikes and perſpires ſeventeen 


times more freſh liquor than a man, every 


24 hours. 
Beſides, nature's great aim in vegetables 


8 being only that the vegetable life be carried 
on and maintained, there was no occaſion 
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to give its ſap the rapid motion which was 
| neceſſary for the blood of animals. | 
In animals, it is the heart which lets the 
blood in motion, and makes it continually 
*circulate ; but in vegetables we can diſco- 
ver no other cauſe of the ſap's motion, but 
the ſtrong attraction of the capillary ſap 
veſſels, aſſiſted by the brisk undulations and 
vibrations, cauſed by the Sun's warmth, 
| whereby the fap is carried up to the top of 
the talleſt trees, and is there perſpired off 
thro' the leaves : But when the ſarface of 
the tree is greatly diminiſhed by the loſs of 
its leaves, then alfo the perſpiration and 
„motion of the fap is proportionably dimi- 
niſhed, as is plain from many of the fore- 
: going Experiments: So that the aſcending 
7 velocity of the ſap is principally accelerated 
1 by the plentiful perſpiration of the leaves, 
thereby making room for the fine capillary 
7 veſſels to exert their vaſtly attracting power, 
c which perſpiration is effected by the brisk 
n rarifying vibrations of warmth : A power 
7 


that does not ſeem to be any ways well 

adapted, to make the ſap deſcend from 
the tops of vegetables by: Hrrent vellels 
10 e root. | 
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If the ſap circulated, it muſt needs have 


been ſeen deſcending from the upper part 


of large gaſhes cut in branches ſet in wa- 


ter, and with columns of water preſſing on 
their bottoms in long glaſs tubes, in Expe- 
triment 43, and 44. In both which caſes, 
it is certain that great quantities of water 
paſſed thro' the ſtem, ſo that it muſt needs 
have been ſeen deſcending, if the return of 


the ſap downwards were by truſion or pul- 


ſion, whereby the blood in animals is re- 


turned thro the veins to the heart: And 
that pulſion, if there were any, muſt neceſ- 


ſarily be exerted with prodigious force, to 
be able to drive the ſap thro' the finer capil- 


laries. So that if there be a return of the 


Tap downwards, it muſt be by attraction, 
and that a very powerful one, as we may 


ſee by many of theſe Experiments, and par- 
ticularly by Experiment 11. But it is hard 


+7 to concciye, what and where that power is 


which can be cquivalent to that proviſion 
nature has made for the aſcent of the ſap 
in conſequence of the great perſpiration of 
the leaves. 

The inſtances of the Jeſſamine tree, and 


of the Paſſion tree, have been looked up- 
on as firong proofs of the circulation of the 


& | ſap, 
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ap, becauſe their branches, which were * — | 
below the inoculated Bud, were gilded: : 10 
But we have many viſible proofs in the Vine, 3 9 
and other bleeding trees, of the ſaps recen. | l 
ing back, and puſhing forwards alternately, | || 

at different times of the day and night. 4 | | 
13 And there is great reaſon to think, that the j i 
|  fap of all other trees has ſuch an alternate, 1 
| - reccding and progreſſive motion, occaſioned NI 
by the alternacies of day and night, warm off 
and cool, moiſt and dry. uf 
| For the ſap in all vegetables does 3 =! 

: bly recede in ſome meaſure from'the tops 9 1 

of branches, as the Sun leaves them; b: 

{ cauſe its rarifying power then ceaſing, the Y j 
4 greatly rarified ſap, and air mixt with it, 1 


will condenſe and take up leſs room than 
| A | they did, and the dew and rain will then 
| be ſtrongly imbibed by the leaves, as is pro- 
| bable from Exper. 42. and ſeveral others; 
whereby the body and branches of the ye- 
| crab which have been much exhauſted by 
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the great evaporation of the day, may at 
night imbibe ſap and dew from the leaves |. Il 
for by ſeveral Experiments in the firſt cha- Wi 


ter, plants were found to increaſe conſiders 
ably in weight, in dewy and moiſt nights, | 


fn by other Experiments on the Vine in 
CCC | the 
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| the third chaptet, it Was found, that the 


think arid branches of Vines were always 


in an imbibing Rare, cauſedd by the great 


perſplration of the leaves, except in the 
bleeding ſeaſon; bur When at night that 
perſpiring po wet ceaſes, inen the cofitraty 


imbibing power will prevail and draw the. 
fap and dew Fröm the leaves; as well as : 
5 EN from the roots. —— 
And we have a further pri 66k of this k 
Experiment 12, where by fixing mercurial 
gages to the ſtems of ſeveral trees; which 


do not bleed, it is found that they are al- 


Ways in a ſtrongly imbibing ſtate, by draw- 
ing up the mercury ſtyeral inches: hence 
it is eaſy to conceive, how fome df the 


particles bf the gilded Bud, in the inoct- 


lated feflamine, may be abſorbed by it, 


and thereby communicate their gitding 


Miaſma to the ſip of other branches; efpe- 

_ cially when ſome months after the mecl- 
lation, the ſtöck of the inoculated Jeffa- 
mine is ent off à little Above the Bud; 

hereby the ſtock, which Was the counter 

acting part to the ſtem, being taken away, 
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Another argument for the circulation of 


the ſap, is, that ſome ſorts of graffs will 


infect and canker the ſtocks they are grafted 


on: But by Exper. 12, and 37, where mer- 


curial gages were fixed to freſh cut ſtems of 


| trees, it is evident that thoſe temas were 
in a ftrongly imbibing ſtate z and conſe- 

5 quently the cankered ſtocks might very like- 
ly draw ſap from the graff, as well as the 
graff alternately from the ſtock ; juſt in the 


ſame manner as leaves and branches do 


from each other, in the viciſſitudes of dax 
and night. And this imbibing power of 
the ſtock is ſo great, where only ſome of 
the branches of a tree are grafted, that the 


remaining branches of the ſtock will, by 


their ſtrong attraction, ſtarve thoſe graffs; 

for which reaſon it is uſual to cut off the 
greateſt part of the branches of the ſtock, 
leaving only a few ſmall ones to draw up 
the ſap. 

The infance of the Ilex ſk upon the 

Engliſb Oak, ſeems to afford a very conſi- 

derable argument againſt a circulation. For 

if there were a free uniform circulation of 


the ſap thro the Oak and Ilex, why ſhould 


the leaves of the Oak fall in Winter, ann * +} 


mals of the Ilex? 


L 2 Another 
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Another argument, againſt a uniform cir- 
a@nlacion of the ſap in trees as in animals; 
may be drawn from Exper. 37. where it 
was found by the three mercurial gages 
fix d to the ſame Vine, that while ſome of 


its branches changed their ſtate of protrud- 
ing ſap into a ſtate of imbibing, others con- 
tinued protruding ſap, one nige, and the 


other thirteen days longer. 
In the ſecond Vol. of Mr. Chen's 


Abridgment of the Philoſ. Tranſact. p. 708. 


is recited an Experiment of Mr. Brother- 


tons, vis. A young Hazel z (Fig. 27.) was 
cut into the body at x = with a deep gaſh; 


the parts of the body below at E, and a- 


bove at x, were cleft upwards and down- 
wards, and the ſplinters x & by wedges were 
kept off from touching cach other, or the 
reſt of the body. The following year, the 
upper ſplinter x was grown very much, but 
the lower ſplinter S did not grow, but the 


reſt of the body grew, as if there had been 


no gaſh made: I have not yet ſuecceded in 
making this Experiment, the wind having 


broken at x all the trees I prepared for 


it: But if there was a Bud at x which ſhort 
out leaves, and none at =, then by Experi- 
ment 41, tis plain that thoſe leaves might 


draw 


4 95> e. 
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draw mack nouriſhment thro'z x, and there- 
by make it grow; and I believe, if, vice 
verſa, there were a leaf bearing Bud at >, 
and none at-x, that then the ſplinter S 
would grow more than x. 

The reaſon of my conjecture, I ground 
upon this Experiment, vig. I choſe two 
thriving ſhoots of a dwarf Pear: tree Ila a. 
Fig. 28, 29. 
diſtance I took half an inch breadth of bark 
off each of them, in ſeveral places, vis. 
2, 4, 6, 8, and at io, 12, 14. every one of 
the remaining ringlets of bark had a leaf 
bearing bud, which produced leaves the 
following ſummer, except the ringlet 13, 
which had no ſuch Bud. The ringlet 9 
and 11 of 4 à grew and ſwelled at their 
bottoms, till Auguſt, but the ringlet 13 did 
not increaſe at all, and in Auguſt the whole 
| ſhoot a withered and died; but the ſhoot 


II lives and thrives well, each of its ringlets 


ſwelling much at the bottom: Which ſwel- 


lings at their bottoms muſt be attributed 
to ſome other cauſe than the ſtoppage of 
the ſap in its return downwards, becauſe in 


the ſhoot //, its return downwards is in- 


tercepted three ſeveral —_ by cutting a: 
The larger and 
L 2:5 more 


way the bark at 2, 4, & 
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more thriving the leaf bearing Bud was; 
and the more leaves it had on it, ſo much 

the more did the an dard ſwell at 
the bottom, ? 


Fig. 30. d the profile of one of 


| the diviſions in Fig. 28. ſplit in halves; in 
which may be ſeen the manner of the 
growth of the laſt year's ringlet of wood 
ſhooting a lirtleupwards at x x; and ſhoot- 
ing downwards and ſwelling much more at 
S3; Where we may obſerve, that what is 
mot end-ways is plainly parted from the 
wood of the preceding year, by the narrow 
interſtices x, Sr, whence it ſhould ſcem, 
chat the growth of the yearly new ringlets 


of wood conſiſts in the ſhooting of their 


2 lengthways under the bark. 


That the ſap does not deſcend between 


| the bark and the wood, as the favourers 


df acixeulation ſuppoſe, ſeems evident from 
hence, vi. that if the bark be taken off 


for three or four inches breadth quite round, 


the bleeding of the tree above that bared 


place will much abate, which ought to have 


the contrary effect, by intercepting the 
courfe of the refluent ſap, 43 the *P de- 


0 15 the bark. 


But 
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Bur the reaſon of the abatement of the 
bleeding in this caſe may well be account- 
| xd for, from the manifeſt proof we have 


in theſc Experimentꝭ, that the (ap is ſtrong- 
ly attracted upyards by the vigorous ope- 


ratiqn of the pexſpiting leaves, and attract- 
ing Capillarics : But when the bark is cut 
off for ſome breadth below the bleeding 
place, then the fap which js between the 

bark and the wood below that disbarked 
place, is deprived of the ſtrong attracting 
power of the leaves, &c. and conſequently 
the bleeding wound cannot be ſupplied fo 
faſt with ſap, as it was before ts bark was 
ghee 
| Hence allo we have a minx far bebte 
conjccture why in the alternately disbarked 


ſticks, // a a, Fig. 28, 29. the bark {yelled 
moxe at the upper part of the disbarked 


places than at the lower, vis. becauſe thoſe 
—— parts Were thereby depriyed of the 
plenty of nouriſhment which was brought 
co the upper parts of thoſe disbarked places 
by the ſtrong attraction of the leaves on the 


Buds 7, Cr. of which we have a further 


confirmation in the ringler of bark; No. 13. 
Fig. 29. which ringlet did not ſwell or grow 


® either end, bels ver af deprized gr 
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the aa dn of the ſuperior leaves, by the 
bared placed Ne. 12. but alſo without any 
leaf Bud of its own, whoſe branching ſap 
veſlels, being like thoſe of other leaf Buds 
. "rooted downwards in the wood, might 
thence draw ſap, for the nouriſhment of its 
ſelf and the adjoining bark, No. 13. But 
had theſe rooting ſap veſſels run upwards, 
inſtead of downwards, 'tis probable, that in 
that caſe the upper part of cach ringlet of 
| bark, and not the lower, would have ſwel- 


led, by having nouriſhment Oy Rm 


to it from the inmoſt wood. 


We may hence alſo ſee chi reaſon why, 585 

when a tree is unfruitful, it is brought to 

beat fruit, by the taking ringlets of bark off 
from its branches, viz. becauſe thereby a 
leſs quantity of ſap ariſing, it is better di- 
geſted and prepared for the nouriſhment of 
the fruit; which from the greater quantity 
of oil, that is uſually found in the ſeeds, 
and their containing veſſels, than in other 
Parts of plants, ſhews that more ſulphur and 
air is requiſite for their production, than 
there is for the production of wood and 
n leaves. 


But the moſt en objetion a- 
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won a circulation, atiſes from hence, 
vi. that it is too precipitate a courſe, for 
a a due digeſtion of the ſap, in order to nu- 


trition: Whereas in animals nature has pro- 
vided, that many parts of the blood ſhall 
run a long courſe, before they are either 


applied to nutrition, or diſcharged from the 


animal. N 

But when we conſider, that the great 
work of nutrition, in vegetables as well as 
animals, (I mean after the nutriment is got 

into the veins and arteries of animals) is 
chicfly carried on in the fine capillary veſ- 
ſels, where nature ſelects and combines, as 
ſhall beſt ſuit her different purpoſes, the ſe- 


veral mutually attracting nutritious particles 


which were hitherto kept disjoined by the 


motion of their fluid vehicle ; we ſhall find 


that nature has made an abundant proviſion 
for this work in the ſtructure of vegetables; 
all whoſc compoſition is made up of nothing 
elſe but innumerable fine capillary veſſels, 
and glandulous portions or veſicles. 
Upon the whole, I think we have, from 
theſe experiments and obſervations, ſuffici- 
ent ground to believe that there is no cir- 
culation of the ſap in vegetables; notwith- 
ſtanding masy ingenious perſons have been 
induced 
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Induced to think there way, from ſeyeral | 
carious obſervations and experiments, which 


evidently proye, that the ſap ꝗ ges in ſome 
meaſure recede from the top towards the 
lower parts of plants, whence they were 


with good probability of reaſon induced o 


think that the ſap circulated. 


The likelieſt method effectually and con- 
vineingly to determine this difficulty, whe- 


ther the ſap circulates or not, would be hy 
ocular inſpection, if that could be attained : 


And I (ec no reaſon we have to deſpair of 


it, ſince by the great quantities imbibed and 
perſpired, we have good ground to thinks 


that the progreſſive mation of the ſap is 
conſiderable in the largeſt ſap veſſels of the 
tranſparent ſtems of Icaves: And if our eyes, 


aſſiſted with microſcopes, could come at this 
deſirable fight, I make no doubt but that 


we ſhould ſee the {ap which was ptogreſſivo 
in the heat of the day, would on the com- 


ing on of the cool evening, and the falling 


dew, be retrograde in the ſame veſſels. 


CHAP. 
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CHAP. "We 


Ene, whereby to prove, that 4 con. 


' fiderable quantity of air is Inſpired * 
Plants. ” 


T is well known that air is a * ela- 
A. ſtick fluid, with particles of very diffe- 
rent natures floating in it, wheroby it is ad- 
mirably fitted by the great Author of na- 
ture, to be the breath of life, of vegeta- 
bles, as well as of animals, without which 
they can no more live nor thrive than ani- 
mals can. | 
In the Experiments on Vines, Chap. III. 
ve ſaw the very great quantity of air which 
was continually aſcending from the Vines, 


 thro' the ſap in the tubes; which manifeſtly 


fhews what plenty of it is taken in by vege- 
ables, and is perſpired off with the ns thro' 
* leaves. 


Ex PERIMEN r XLVIL 
Sept. 9th, at 9 4. m. I cemented an Apple- 


branch b (Fig. 11.) to the glaſs tuber z e &: 


I put no water in the tube, but ſet the end 


of it in the ciſtern of water x. Three 
1 bours 


2 << —__ 
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hours has I found the water ſucked up in 
the tube many inches to ; which ſhews, 


that a conſiderable quantity of air was im- 
bibed by the branch, out of the tube rie. 
And in like manner did the Apricot - branch 
(Exper. 29.) daily imbibe air. 


ExXPERIMENT XVIII. 


1 took a cylinder of Birch with the bark 
on, 16 inches long and + diameter, and ce- 
mented it faſt at g; (rig 32.) to the hole 


in the top of the air pump receiver p p, 

ſetting the lower end of it in the ciſtern of 

Water x; the upper end of it at à was well 
cloſed up with melted cement. 


I then drew the air out of the receiver, 


upon which innumerable air bubbles iſſued 

continually out of the ſtick into the wa- 
ter x. I kept the receiver exhauſted all that 
day, and the following night, and till the 


next day at noon, the air all the while if 


ſuing into the water x: I continued it thus 


long in this ſtate, that I might be well aſ- 
ſured, that the air muſt paſs in through the 
bark, to ſupply that great and long flux of 


air at x. I then cemented up five old eyes 


in the ſtick, between & and , where little 


Thoots had formerly been, but were no- 


e 
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periſhed, yet the air ſtill continued to flow 
r at x. 


It was obſervable in 1 and many of. 
the Experiments on ſticks of other trees, 


that the air which could enter only thro' 
the bark between & and », did not iſſue in- 


to the water, at the bottom of the ſtick, 
only at or near the bark, but through the 


whole and inmoſt ſubſtance of the wood, 
and that chiefly, as I gueſs, by the largeneſs 


of the baſes of the hemiſpheres of air thro! 


the largeſt veſſels of the wood; which ob- 
ſervation corroborates Dr. Grew's and Mal. 
 pight's opinion, that they are air veſſels, . 


I then cemented upon the receiver the 
cylindrical glaſs y y, and filled it full of wa- 


ter, ſo as to ſtand an inch above the top u 


of the ſtick. 
The air ſtill continued to flow at x, but 


in an hour's time it very much abated, and 


in two hours ceaſed quite; there being 
now no paſſage for freſh air to enter, and 
ſupply what was drawn out of the ſtick. 

I then with a glaſs crane drew off the 


VWwater Out of the cylinder y y, yet the air 


did not iſſue thro the wood at x. : 
I therefore took the receiver with the 


: ſtick in it, and held it ncar the fire, till the | 


1% - | . . 
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bark was well dried; after which 1 ſet it 
upon the air pump, and exhauſted the air, 
upon which the air iſſued as freely at x as 


it did before the bark had been werted, and 


Tontinued ſo to do, tho' I kept the receiver 
_ exhauſted for many hours. | 
I fixed in the ſame manner as the pre- 


© ceding Birch ſtick, three joints of a Vine. 
branch, which was two years old, the up- 
permoſt knot r being within the receiver; 


when I pumped, the air 2 885 moſt . 
into the water vx. 
Ilcemented faſt the upper end of the dicks 


and then pumped, the air ſtill iſſued out at x, 
tho I pumped very long, but there did not 
 _nowpals the twentieth part of the air which 


paſſed when the end x was not cemented. 


then inverted the ſtick, placing u ſix 


inches deep in the water, and covered all the 
| bark from the ſurface of the watet to E 
the top of the receiver with cement; then 
pumping the air which entered at the top 


of the ſtick, paſſed thro' the immerſed part 
of the bark: When I ccafed pumping for 
ſome time, and the air had ceaſed iſſuing 


out; upon my repeating the Pumping it 
would again iſſue . 


I found 


5 


E 
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1 Wünd the faite event in Birth and 


5 Ano Ricks; in both Which it iſſued moſt 


pledtifiilly at 61d eyes, 4s if they were the _ 


: chief breathing places fox trees. 


And Br. Grew obſttves, that & the pores 


. ate ſo vety large in the trunks of ſome. 


* 
CY 


plants, as in the better fort of thick walk- 


ke ing canes, that they are viſible to à good | 


Pay 


eye, without a glaſs; but with a glaſs the 


* cant ſeeins as If it were ſtuck top full of 
* holes, With great pins, being ſo large 8 
d vefy well to reſemble the pores of the 


skin, in the end of the fingers ahd ball 
of the hand. 
« Ih” the leaves of pine they are 1k: 
wiſe, thro' a glaſs, a very elegant ſhew, 
e ſtanding all moſt exactly in rank and file, 
* through the length of the leaves.“ Grew's 
Anatomy of Plants, p. 1275. 
 Whehice it is very probable, that the air 


CREST: 


ov 


* 


| cipal fund of noufrifhment by the roots, but 


alſo through the ſurface of their trunks and 
leaves, <ſpecially at night, when they are 


, changed from a perſpiring 1 to a ſtrongly i im- 


ſtate. 5 
I fix A in the ſam̃e manner to the top of | 
the air pump receiver, But without the cy- 


Undrie! 
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lindrical glaſs y y, the young ſhoots of the 25 [PL 
Vine, Apple-tree, and Honyſuckle, both et 
rected and inverted, but found little or no 
air came cither from branches or leaves, 
Except what air lay in the furrows, and the 
innumerable little pores of the leayes, which Þ}/ 
are plainly viſible with the microſcope. 1 EE» 
tricd alſo the ſingle leaf of a Nine, both by | : 
immerſing the leaf in the water and let: 
ting the ſtalk ſtand out of the receiver, as 
alſo by placing the leaf out of the receiver, 
and the ſtalk in the glaſs of water * but 
little or no air came either way. 
I obſerve in all theſe Experiments, that 
the air enters very ſlowly at the bark of E 
young ſhoots and branches, but much more 
freely thro old bark: And in different kinds E. 
of trees it has very diffcrent degrees of more ot 
or leſs free entrance. 
1 I repeated the ſame Experiment upon ſe- 
veral roots of trees: The air paſſed moſt 
freely from ꝝ to x; and when the glaſs veſ- | 
ſel y y was full of water, and there was no 
water in x, the water paſſed at the rate of 
3 ounces in 5 minutes; when the upper 
end 7 was cemented up, and no water in y , 
ſome air, tho not in great plenty, would 
enter the bark at = . and Pals ny the wa- 
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ter at x. Fl. And | 
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. that there is ſome air both! in an 
elaſtick and unclaſtick ſtate, mix'd with the 
earth, (which may well cnter the roots with 
the nouriſhment) 1 found by putting into 
the inverted glaſs & S 4 à full of water 
(Fig. 35.) ſome earth dug up in an alley in 

the garden, which after it had ſtood ſoak- 

ing for ſeveral days, yielded a little elaftick | 
air, tho' the earch was not half diſſolved, 
And is Experiment 68, we find-that a cu- 
bick inch of earth yielded 43 cubick inches 
of air by diſtillation, a good part of which 
was rouſed by the action of the fire from a 
fixed to an elaſtick ſtate. 

I fixed alſo in the ſame | manner young | 
| tender fibrous roots, with the ſmall end 
upwards at u, and the veſlel y full of wa- 
ter; then upon pumping large drops of wa- 
ter followed each other faſt, and fell into 
the ciſtern æ, which had no water in it. 
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CHAP. VI. 


A 1 of an attempt to analy: the Air 
y a great variety of chymio-ſtatical Ex- 5 
periments, which ſhew in how great a 


: proportion Air is wrought into the com- 
poſition of animal, vegetable, and mineral 
Subſtances, and withal how readily it re- 


ſumes its former elaſtick flate, when in the 


ziſſolution of thoſe vetfences 1. 15 45 im- 
gaged from them. | 


> hike in FG preceding chapter pro- 

; duced many Experiments, to prove 
that the Air is freely inſpired by Vegetables, 
not only at their roots, but alſo thro' ſeve- 

kal parts of their trunks and branches, which 


Air was moſt viſibly ſeen aſcending in great 


plenty thro' the ſap of the Vine, in tubes 


which were affixed to them in the bleeding 


ſeaſon; this put me upon making a more 

particular enquiry into the nature of a Fluid, 

which is ſo abſolutcly neceſſary for the ſup- 
port of the life and growth of Animals and 

Vegetables. 

The excellent Mr. Boyle made many Ex- 
* on the Air, and . other diſ- 


cCoveries, 


Analyſis of the Air. 
coveries, found that a good quantity of Air 
was producible from Vegetables, by put- 
ting Grapes, Plums, Gooſeberries, Cherries, 
Peaſe, and ſeveral other ſorts of fruits and 

grains into exhauſted and unexhauſted re- 
cCeivers, where they continued for ſeveral 
days emitting great quantities of Air. 


Being. deſirous to make ſome further re- 
ſearches into this matter, and to find what 


of the different ſubſtances in which it was 


lodged and incorporated, I made the fol- 


lowing chymio-ſtatical Experiments: For, 
as whatever advance has here been made in 


the knowledge of the nature of Vegetables, 

has been owing to ſtatical Experiments, ſo 
ſince nature, in all her operations, acts con- 

formably to choſe mechanick laws, which 


were eſtabliſhed at her firſt inſtitution; it is 
therefore reaſonable to conclude, that the 
likelieſt way to enquire, by chymical ope- 
rations, into the nature of a fluid, too fine 
to be the obje& of our ſight, muſt be by 


finding out ſome means to eſtimate what 


7 influence 'the uſual methods of analyſing 


the animal, vegetable, and mineral king- 


doms, has on that ſubtle fluid; and this I 


effected by affixing to retorts and boltheads 
* 2ͤüüͥ ye: 
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1 hydroſtatical gages, in the following man- 


In le to make an eſlimste of the quan- 


rity of Air which aroſe from any body by | 


- diſtillation or fuſion, I firſt put the matter 
which 1 intended to diſtil into the ſmall 
retort r (Fig. 33.) and then at @ cemented ' 
faſt to it the glaſs veſſel a b, which was very 
capacious at 6, with a hole in the bottom. 


l bound bladder over the cement which was 


made of tobacco-pipe clay and bean flower, 
well mixed with ſome hair, tying over all 
four ſmall flicks, which ſerved as ſplinters 
to ſtrengthen the joint; ſometimes, inſtead 
of the glaſs veſſel 4 6, I made uſe of a large 
bolthead, which had a round hole cut, with 
a red hot iron ring at the bottom of it; 


| through which hole was put one leg of an 


N inverted ſyphon, which reached up „ 


. as . Matters being thus prepared, holding 


the retort uppermoſt, I immerſed the bolt- 


head into a large veſſel of water, to a the 


top of the bolthead; as the water ruſhed in 
at the bottom of the bolthead, the Air was 
driven out through the ſyphon : When the 
bolthead was full of water to ⁊, then Icloled 
the outward orifice of the ſyphon with the 
4 end of my linger, and at the ſame time drew 
the 


1 2 tbe Air. 16 5 


the other leg of it out of the bolthead, by 
which means the water continued up to >, 
and could not ſubſide. Then 1 placed un- 


der the bolthead, while it was in the water, 
the veſlel x x, which done, I lifted the vel- 
ſel x x, with the bolthead in it, out of the 
water, and tied a waxed thread at ⁊ to mark 


the height of the water: And then ap- 
proached the retort gradually to the fire, 


taking care to ſcreen the whole bolthead 


from the heat of the fire. 


The deſcent of the water in the ne 


ſhewed the ſums of the expanſion of the 
Air in the retort, and of the matter which 
Was diſtilling: The expanſion of the Air a- 

lone, when the lower part of the retort 
was beginning to be red hot, was at a me- 
dium, nearly equal to the capacity of the 


retorts, ſo that it then took up a double 
ſpace; and in a white and almoſt melting 


heat, the Air took up a tripple ſpace, or 
ſomething more: for which reaſon the leaſt 


xctorts are beſt for theſe Experiments. The 
expanſion of the diſtilling bodies was ſome- 


times very little, and ſometimes many 
times greater than that of the Air in the 


con according to their different natures. 
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When the matter was ſufficiently diſtilled, | 


TT the retort, c. was gradually removed from 
the fire, and when cool enough, was carried 
into another room, where there was no fire. 
When all was throughly cold, either the 
following day, or ſometimes 3 or 4 days . 
after, I marked the ſurface of the water y, 

where it then ſtood; if the ſurface of the 
Water was below Z, then the empty ſpace 


between y and ⁊ ſhewed how much Air was 


generated, or raiſed from a fix'd to an elaſ- 
tick ſtate, by the action of the fire in diſtil- 

£ lation: But if v. the ſurface of the water, 
Was above S, the ſpace between & and y, 
which was filled with water, ſhewed the 


quantity of Air which had been abſorbed 


in the operation, i. e. was changed from a 


i 1 to a fix d ſtate, by the ſtrong 
Attraction of other particles, which I there- 


fore call abſorbing. 
When 1 would meaſure the quantity of 


this new generated Air, I ſeparated the bolt- 


head from the retort, and putting a cork in- 


to the ſmall end of the bolthead, I inverted 
it, and poured in water to 2. Then from 
another veſſel (in which I had a known 
quantity of water by weight) I poured in 


watcrto y; ſo the quantity of water which 
T7 OG Fe was 
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was wanting, upon weighing this veſſel a- 
gain, was equal to the bulk of the new ge- 
nerated Air. I choſe to meaſure the quan- 


tities of Air, and the matter from whence it 


aroſe, by one common meaſure of cubick 


inches, eſtimated from the ſpecifick gravi- 


ties of the ſeveral ſubſtances, that thereby 
the proportion of one to the other might 
the more readily be ſeen. Wn 

I made uſe of the following means to 
meaſure the great quantities of Air, which 


were either raiſed and generated, or abſorb- 
ed by the fermentation ariſing from the 


mixture of varicty of ſolid and fluid ſub- 
ſtances, whereby I could caſily eſtimate the 


ſurprizing effects of fermentation on the 
air, ig. 
I put into the benen b (Fig. Sad ths 


ingredients, and then run the long neck of 
the bolthead into the deep cylindrical glaſs 
. ay, and inclined the inverted glaſs ay, and 

| bolthead almoſt horizontally in a large veſ- 
| ſel of water, that the water might run in- 
to the glaſs a yz when it was almoſt up to 


a the top of the bolthead, I then immerſed 


the bottom of the bolthead, and lower part 
"'F of the cylindrical glaſs under water, raiſ- 
- at the ſame time the end 4 uppermoſt. 
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16 8 Analyſi s of the 1 
Then before I took them out of the water, 
I ſet the bolthead and lower part of the cy- 
lindrical glaſs 4 y into the earthen veſſel x x, 
full of water, and having lifted all out of 
the great veſſel of water, I marked the ſur- 
face Z of the water in the glaſs 2a 7. 
If the ingredients in the bolthead, upon 
fermenting generated Air, then the water 
would fall from ⁊ to, and the empty ſpace 
Sy was cqual to the bulk of the quantity 
of Air generated: But if the ingredients, 
upon fermentation, did abſorb or fix the 
active particles of Air, then the ſurface of 
the water would aſcend from S to n, and 
the ſpace 2 u, which was filled with water, 
was cqual to the bulk of Air, which was 
abſorbcd by the ingredients, or by the fume 
ariſing from them: When the quantities of 
Air, either generated or abſorbed, were very 
great, then I made uſe of large chymical re- 
ceivers inſtead of the glaſs 4 y: But if theſe 
quantities were very ſmall, then inſtead of 
the bolthead and decp cylindrical glaſs 4 , 
1 made uſe of a ſmall cylindrical glaſs, or 
+ common beer glaſs inverted, and placed 
under it a Viol or Jelly glaſs, taking care 
that the water did not come at the ingredi- 
ents in them, which was caſily prevented 
by 
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85 by drawing the water up under the inverted | | 


glaſs to what height I pleaſed by means of 
a ſyphon: I meaſured the bulk of the ſpaces 
2 or S n, by pouring in a known quan- 
tity of water, as in the foregoing Experi- 
ment, and making an allowance for the 
bulk of the neck of the benny within 
the ſpace Sy. 
When I would ke: an a of hs 
quantity of Air abſorbed and fixed, or ge- 
nerated by a burning candle, burning brim- 
ſtone or nitre, or by the breath of a living 
animal, ec. I firſt placed a high ſtand, or 
pedeſtal in the veſſel full of water x x; 
(Fig. 35.) which pedeſtal reached a little 
higher than 2 . On this pedeſtal I placed 
the candle, or living animal, and then 
whelmed over it the large inverted glaſs 
BS 4 4, which was ſuſpended by a cord, 
ſo as to have its mouth 77 three or four in- 
ches under water; then with a ſyphon I 
ſucked the Air out of the glaſs veſſel till the 
water roſe to 5 5. But when any noxious 
thing, as burning brimſtone, aquafortis, or 
the like, were placed under the glaſs ; then 
by affixing to the ſyphon the noſe of a large 
pair of bellows, whole wide fucking orifice: 
was cloſed * as the bellows were enlarged, 
they 


1750 Analyſis of the Air. 
they drew the Air briskly out of the glaſs 


S S aa thro the ſyphon; the other leg of 
which ſyphon I immediately drew from un- 


der the glaſs veſſel, e the height of 


the water 2 Z. 
When the materials on the pedeſtal ge- 


nerated Air, then the water would ſubſide 


from 2 S to 4 4, which ſpace 5 E 4 4 was 


equal to the quantity of Air generated : 

But when the materials deſtroy ed any part 
of the Airs elaſticity, then the water would 
riſe from 4 à (the height that I in that caſe 


at firſt ſucked it to) to = >, and the ſpace 


44 $2 was equal to the quantity of Air, 
. whoſe elaſticity was deſtroyed. 


I ſometimes fired the materials on the = 
pedeſtal by mcans of a burning glaſs, vis. - 


5 ſuch as phoſphorus and brown paper dipped * 
in water, ſtrongly impregnated with nlere ; 
and then dricd. 5 


Sometimes I lighted the candle. or large 


matches of brimſtone before I whelmed the 


glaſs > = 4 à over them; in which caſe I 
inſtantly drew up the water to 4 4, which 


by the expanſion of the heated Air would 
at firſt ſubſide a little, but then immediately 
turned to a riſing ſtate, notwithſtanding the 
flame continued to heat and ratify the Air 


for 


33 
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for 2 or 3 minutes: As ſoon as the flame 
was out, I marked the height of the water 


S Z; after which the water would for 20 
or 30 hours continue riſing a great deal a- 


bove SZ. 


Sometimes when I wenkd pour violent- 
y fermenting liquors, as aquafortis, &c. 


on any materials, I ſuſpended the aquafortis - - 


in a viol at the top of the glaſs veſſel > & 
4 a, in ſuch manner, that by means of a 
firing, which came down into the veſſel 
x x, 1 could by inverting the viol pour the 


aguafortis on the materials, which were in 


a veſſel on the pedeſtal. | 
I ſhall now procecd to give an account of 


the event of a great many Experiments, 
which I made by means of theſe inſtru- 
ments, which I have here at firſt deſcribed, 
to avoid the frequent repetition of adeſcrip- 


tion of em. It is conſonant to the right 
method of philoſophiſing, firſt, to analyſe 
the ſubject, whoſe nature and properties we. 
intend to make any reſearches into, by a 
regular and numerous ſeries of Experiments: 
And then by laying the event of thoſe Ex- 


periments before us in one view, thereby 
to ſee what light their united and concur- 


ring evidence will give us. How rational 


T7 
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this method is, the ſequel of theſe Experi- | 
ments will ſhew. 

Ihe illuſtrious Sir Iſaac Newton (query 
31ſt of his Opticks) obſerves, That © true 


c permanent Air ariſes by fermentation or 


ce heat, from thoſe bodies which the chy- 


e miſtscall fixed, whoſe particles adhere by 
* a ſtrong attraction, and are not therefore 


*« ſeparated and rarified without fermenta- 
« tion. Thoſe particles receding from one 
« another with the greateſt repulſive force, 

ce and being moſt difficultly brought toge- 
te ther, which upon contact were moſt ſtrong- 


ly united. And query 3o. Denſe bodies 


te by fermentation rarify into ſeveral ſorts 


of Air; and this Air by fermentation, and 


« ſometimes without it, returns into denſe 
4 bodies.” Of the truth of which we have 
evident proof from many of the Sullowiog 


Experiments, vig. : 
That I might be well aſſured that no part 


of the new Air which was produced in di- 
ſtillation of bodies, aroſe either from the 
greatly heated Air in the retorts, or from 
the ſubſtance of the heated retorts, I firſt 


gave a red hot heat both to an empty glaſs. 


retort, and alſo to an iron retort made of a_ 
musket barrel; when all was cold, I found 
RY EY 


0 . 8 
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the Air took up no more room than before 


it was heated: whence I was aſſured, that 


no Air aroſe, either from the ſubſtance of 
the retorts, or from the heated Air. 

As to animal ſubſtances, a very conſide- 
rable quantity of permanent Air was pro- 
duced by diſtillation, not only from the 


blood and fat, but alſo from the moſt ſolid 
barts of animals. 


EXTEAIAZNT AR 5 
A tablck inch of Hog's blood, diſtilled to 
dry ſcoria, produced thirty three cubick in- 


ches of Air, which Air did not ariſe till the 


white fumes aroſe; which was plain to be 
ſeen by the great deſcent of the water at 


that time, in the receiver 4 S 5 (Fig. 33.) 


ExPERIMENT KL. 
Leſs than a cubick inch of Tallom, be- 


1 ing all diſtilfed over into the receiver az » 


(Fig. 33.) produced 13 cubick Hickes of 
Air. 5 | | 


| EXPERI 2 ENT+LI. 


BF: Greins, or half a cubick inch of the 
tip of a follow Deer's horn, being diſtilled 
in the iron retort, made of a musket bar- 
| OZ „ EEE rel, 


V ͤ 


* 
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| rel, which was heated at a ſmith's forge, pro- 
1 duced 117 cubick inches, that is, 234 times 
i its bulk of Air, which did not begin to 


| riſe till the white fumes aroſe; but then 
1 tuſned forth in great abundance, and in good 
TY | plenty, alſo with the foetid oil which came 
|| laſt. The remaining calx was two thirds 


black, the reſt aſn- coloured; it weighed 128 
grains, ſo it was not half waſted, whence 
there muſt remain much ſulphur in it ; the 

i weight of water to Air, being nearly as 885 
to one, as Mr. Hawksbee found it, by an 

= accurate Experiment. | A cubick inch of 

| | Air will weigh 5 of a grain, whence the 
|}  ' weight of Air in the horn was 33 grains, 

Li _- | that is, near ; part of the whole horn. 


7 h wenn obſerve in this, as alſo in the 

I preceding Experiment, and many of the 

| following ones, that the particles of new ; 
$i Air were detached from the blood and 
| j born, at the ame time with the white fumes, 5 
ulhich conſtitute the volatile ſalt: But this 2 
a ; . "6 5 ( 
{/  - volatile ſalt, which mounts with great acti- 

| j | vity in the Air, is ſo far from generating ö 
| i | te elaſticx Air, that on the contrary it 
=: abſorbs it, as I found by the Os Ex- . 
Ba periment. 1 


Exez- | 


| Aale of the Air. 17 d 


EXPERIMENT LIL 


A dram of volatile ſalt of ſal armoniack, | 
ſoon diſtilled over with a gentle heat; but 


tho the expanſion in the receiver was double 


that of heated Air alone, yet no Air was 
generated, but two and an half cubick Nahe 


' were abſorbed. 


EXPERIMENT LIII. 


Half a cubick inch of Oyſter- ſbril, or 266 


grains diſtilled in the iron retort, generated 
162 cubick inches, or 46 grains, which is a 


little more vans part of the weight of 


the ſhell. 


EXPERIMENT LIV. 


Two grains of Phoſphorus caſily niches n 
at ſome diſtance from the fire, flamed and 


filled the retort with white fumes, it ab- 


ſorbed three cubick inches of Air. A like 


quantity of Phoſphorus, fired in a large re- 


cCeiver (Fig. 3 5% expanded into a ſpace equal 
to ſixty cubick inches, and abſorbed 28 cu- 


bick inches of Air: When 3 grains of Phoſ- 


phorus were weighed, ſoon after it was | 
. burnt, it had loſt half a grain of its weight; 
but when two grains of Phoſphorus were 
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176 Anahyſis of the Air. 
weighed, ſome hours after ir was burnt, 
having run more per deliquium by abſorbing 
the moiſture of the Air, it Wy * a 
_=_—_ in weight, 


EXPERIMENT LV. 
Ar to vegetable Subſtances, from half a 
| cubick inch, or 135 grains of heart of Oak, 
- freſh cut from the growing tree, was gene- 


i Ilated 108 cubick inches of Air, z. e. aquan- 
F equal to 216 times the bulk of the piece 
j 
1 


— K — 
232 = 2h) + Powe * £ 
1 


of Oak, its weight was above 30 grains, ] 
2, part of the weight of 135 grains of Oak. - 


m — . 


| ; | I tocxk a like quantity of thin ſhavings from | 
I the ſame piece of Oak, and dried them 
{: gently at ſome diſtance from a fire for 24 ” 
{/! hours, in which time 44 grains weight of il t 
3398 moiſture had evaporated ; which being de- 
| RE from the 135 grains, there remains N 
221 grains for the ſolid part of the Oak: 1 
Ah ben the zo grains of Air, will be 5 of f 
14 te weight of the ſolid part of the Oak. = = 


2 
— 


nr 
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Eleven days after this Air was made, I put ä 1 
a we nn into it, which died inftantly, 
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Io, EXPERIMENT LVI. a 

1 II 
I's From 388 grains weight of Indian Wheat, 0 
MW Which "ey in my garden, but was. not v. 


Kt + 
1 z g = - 12 
1 | come 
3H 3 © . N 
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come to full maturity, was generated 270 


cubick inches of air, the WOJgRr of which 
air was 77 grains, VS. 


+ of the weight 
of the Wheat. 


| EXPERIMENT LVII. 


From a cubick inch, or 318 grains of 
Peaſe, was generated 396 cubick inches of 
air, or 113 grains, i. e. ſomething more 
than + of the weight of the Peaſe. 
Nine days after this air was made, 1 


| lifted the inverted mouth of the receiver 


which contained it, out of the water, and 


put a lighted candle under it, upon which 
it inſtantly flaſhed : Then I immediately im- 
merſed the mouth of the receiver in the wa- 


ter, to extinguiſh the flame. This I repeated 


8 or 10 times, and it as often flaſhed, after 


which it ceaſed, all the ſulphureous ſpirit be- 
ing burnt. It was the ſame with air of di- 


tilled Oyſter-ſhell and Amber, and with new 
_ diſtilled air of Peaſe and Bees-wax. I found 
it the ſame alſo with another like quantity 


of air of Peaſe; notwithſtanding I waſhed 
that air no leſs than eleven times, by pour- 
ing it ſo often under water, upwards, out 
of the containing veſlel, into another in- 


verted receiver full of water. 
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E XPERIM EN LVIũI. 
There was raiſed from an ounce, or 437 


grains of Muſtard-ſeed, 270 cubick inches 
of air, or 77 grains; which is ſomething | 
part of the ounce weight. 


more than 7 
There was doubtleſs much more air in the 


that when I heated the whole barrel red hot, 


in order to burn it out, it flamed vigorouſly 
out at the mouth of the barrel. Oil alſo 
adhered to the inſide of the barrel, in the 
_ diſtillation of many of the other animal, 
vegetable, and mineral ſubſtances; ſo that 


the elaſtick air which I meaſured in the re- 


ceiver, was not all the air contained in the 
ſeveral diſtill'd ſubſtances; ſome remaining 


in the Oil, for there is unelaſtick air in Oil, 


part being alſo reſorbed by the ſulphureous 


fumes in the receiver. 


. E T1 RIMENT LIX. 
From half a cubick inch of Amber, or 


135 grains, was raiſed 135 cubick inches 
of air, or 38 grains, VIS, THT part of ag 
e 5 0: RT : 
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ſeed; but it roſe in an unelaſtick ſtate, be- | 
ing not diſentangled from the Oil, which 
was in ſuch plenty within the gun-barrel, 


ExPTERIMENT LX. 
From 142 grains of dry Tobacco was raiſed 


4 153 cubick inches of air, which is little 
ing leſs than 3 of the whole weight of the To- 
he. bacco; yet it was not all burnt, part wy 
the HY out of the reach of tho fire. 
= ö EXPERIMENT LXI. 
N Canppbire is a moſt volatile ſulphureous | 
"ot, | ſubſtance ſublimed from the Roſin of a tree 
ily in the Eaſt-Indies. A dram of it melted 
7% into a clear liquor, at ſome diſtance from 
hs the fire, and ſublimed in the form of white 
nal, _ cxfſtals, a little above the liquor, it made 
hat a very ſmall expanſion, and neither gene- 
FED rated nor abſorbed air. The ſame Mr. Boyle 
ab found, when he burnt it in 1 vacuo, Vol. II. 
ing 2 9 1 2 
Oil, By 9 
XPERIMENT XII. 


OUS 
; From about a cubick inch of chymical 


Oil of Aniſted, I obtained 22 cubick inches 
of air; and from a like quantity of Oil of 
Olives, 88 cubick inches of air. The rea- 


, or 
TATE ſon of which difference was, as I ſuppoſe, 
je this, vig. finding that the Oil of Aniſeed 


came plentifully over into the receiver, in 
* * | the 
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180 Ah 5 of the 4. . 
the diſtillation of the Oil of Olives, I raiſ- 
ed the neck of the retort a foot higher, by 
which means the Oil could not ſo eaſily 
aſcend, but fell back again into the hoteſt 


part of the retort, whereby more air was 
| ſeparared ; yet in this caſe good ſtore of 
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Oil came over into the receiver; in which 
there was doubtleſs plenty of unelaſtick 
air: Whence by comparing this with Ex- 
periment 58, we ſee that air is in greater 
plenty ſeparated. from the Oil, when in the 
 Muſtard-ſced, than it is from e or 
| pon Oil, 


Expert MENT LXIIL 


"BM a cubick inch, or 359 grains of * 1 
ney, mixed with calx of bones, there aroſe 
| 444 cubick inches of air, or 41 grains, viz, 

a little more than? part of the weight of 
the whole. 


ExPER 1 MENT Lav. 
5 From a cubick inch of yellow Bees-wax, 
or 243 grains, there aroſe 54 cubick inches 


of air, or 15 Janes the = part of the 
| whole. | 
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ExPERIMENT LXV. 


From 373 grains, or a cubick inch of 


the coarſeſt Sugar, which is the eſſential 
ſalt of the ſugar- cane, there aroſe 126 cu- 
bick inches of air, equal to 36 grains, a lit- 


tle more than = v part of the whole. 


Irie akin IXVL. 


. found very little air in 54 cabick inches 
of Brandy, but in a like quantity of Well. 
water J found one cubick inch. And it 
was the ſame in a little quantity of Briſtol 


| hot well water, and of Holt water. Ir 


Pjermont water there is near twice as much 
air, as in Rain or common water, which air 


contributes to the briskneſs of that and 


many other mineral waters. I found theſe 
ſeveral quantities of air, in theſe waters, 
by inverting the noſes of bottles full of 
theſe ſeveral liquors, into ſmall glaſs cif 


terns full of the ſame liquor. And then 
| ſetting them all together in a boiler, where 
having an equal heat, the air was thereby 


ſeparated, and aſcended to the * parts 
of the bottles. 
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iin LXVIL 


By the ſame means alſo, I found plenty | 
bf air might be obtained from minerals. 
Half a cubick inch, or 158 grains of New- 
caſtle coal, yielded. in diſtillation 180 cu- 
bick inches of air, which aroſe very faſt 
from the coal, cſpecially when the yel- 
Ilovwiſh fumes aſcended. The weight of this 
air is 51 grains, which is nearly - + of the 
weight of the coals. | 


EXPERIMENT LXVIIL 


A cubick inch of freſh dug untried Earth 
off the common, being well burnt in diſtil- 
lation, produced 43 cubick inches of air. 

From Chalk alſo J obtained air in the fame 
5 manner. 


EXPERIMENT. LXIX. 


From a quarter of a cubick inch of An- 
timony, I obtained 28 times its bulk of air. 
It was diſtilled in a glaſs retort, becauſe = 
= Will demetalize iron. 


ExTRNIMENT LXX. 
J procured a hard, dark, gray Pyrites, 4a 
witriolick mineral $ ſubſtance, v which was found 
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7 feet under ground, in digging for ſprings 


on Walton-Heath, for the ſervice of the 
Right Honourable the Earl of Lincoln, at 


his beautiful Seat at Oatlands in Surrey; this 


mineral abounds not only with ſulphur, 


which has been drawn from it in good plen- 
ty, but alſo with ſaline particles, which 
ſhoot viſibly on its ſurface. A cubick inch 
of this mineral yielded in diſtillation 83 
cubick inches of lie 


EXPERIMENT LXXI. 


Half a cubick inch of well decrepitated 
Sea. ſult, mix d with double its quantity of 
calx of bones, generated 32 times its bulk 


of air: It had ſo great a heat given it, that 


all being diſtilled over, the remaining ſco- 


ria did not run per deliquium. I cleared 
the gun-barrel of theſe and the like ſcoria, 


by laying the end of the retort on an anvil, 
and ſtriking long on the outſide with a 
ban. 


2 


EXPERIMENT LXXIL 


| From 211 grains, or half a cubick inch 
of Nitre, mixed with calx of bones, there 


aroſe 90 cubick inches of air, i. e. a quanti- 
5 iN equal to 180 times its bulk; ſo the weight 
* 4 2” 
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of air in any quantity of nitre is about x part. 


Vitriol diſtilled in the lame manner yields 
air too. 


EXPERIMENT LXXIII. 
From a cubick inch, or 443 grains of 


Neniſß Tartar, there aroſe very faſt 504 cu- 


bick inches of air; ſo the weight of the air 
in this Tartar was 144 grains, 1. e. + part of 
the weight of the whole: The remaining 
ſcoria, which was very little, run per deli- 
quium, an argument that there remained 
ſome Sal Tartar, and conſcquently more 
airz mw” 


C 


EXPERIMENT LXXIV. 


Half a cubick inch, or 304 grains of Sal 
Tartar, made with nitre and tartar, and 
mixed with a double quantity of calx of 
bones, yielded 'in diſtillation 112 cubick 
inches of air; that is, 224 times its bulk 
of air, which 112 cubick inches weighing 
32 grains, is nearly 4 part of the weight of 
the Sal Tartar. There is a more intenſe de- 
gree of heat required to raife the air from 
Sal Tartar than from nitre. 
Hence we ſee, that the proportion of 
air in equal bulks of Sl Tartar and nitre is 
| eg 25 
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as 224 tO 1 80. But weight for weight, nitre 


contains a little more air in it, than this Sa 
Tartar made with nitre. But Sal Tartar 


made without nitre, has probably a little 
more air in it than this had, becauſe it is 
found to make a greater exploſion in the 


Puluis Fulminans, than the nitrated Saf 


Tartar. But ſuppoſing, as is found by this 


Experiment, that Sl Tartar, according to 


its ſpecifick gravity, contains ; part more 
in it than nitre; yet this exceſs of air is not 
ſufficient to account for the vaſtly greater 
exploſion of Sal Tartar than of nitre; which 


| ſeems principally to ariſe from the more 


fix d nature of Sal Tartar; which therefore © 


requires a more intenſe degree of fire, to 


ſeparate the air from the ſtrongly adhering 


particles, than is found requiſite to raiſe the 
air from nitre, Whence the air of Sal Tar- 
_ far muſt neceſſarily thereby acquire a greater 


claſtick force, and make a more violent ex- 


ploſion, than that of nitre. And from the 
ſame reaſon it is, that Aurum Fulminans 


gives a louder exploſion than Puluis Fut- 
minans. The ſcoria of this operation did 


not run per deliquium, a proof that all the 
Sal Tartar was diſtilled over. 85 


From 
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From the little quantity of air which is 


obtained by the diſtillation of that very fixt 


body ſea - ſalt in Experiment 71. in compa- 


riſon of what ariſes from nitre and Sal Tar- 


tar, we ſee the reaſon why it will not go 
off with an exploſive force, like thoſe when 
fired. And at the ſame time we may hence 
obſerve, that the air included in nitre and 
Sal Tartar, bears a conſiderable part in their 


_- exploſion. For ſea-ſalt contains an acid 


ſpirit as well as nitre; and yet that without 
a greater proportion of air does not qualify 
it for exploſion, tho” mixed like nitre in the 
compoſition of gun powder, with . | 
and charcoal. 
Mr. Boyle found that Aqua-fortis poured 
on a ſtrong ſolution of ſalt af tartar did not 
ſhoot into fair cryſtals of falt-petre, till it 
had been long expoſed to the open air; 
whence he ſuſpected that the air contribu- 
ted to that artificial production of ſalt-petre. 
And ſays, whatever the air hath to do in 
« this Experiment, we have known ſuch 
© changes made in ſome ſaline concretes, 
e chiefly by the help of the open air, as 
« very few would be apt to imagine“ Vol. 
1. p. 302. and Vol. 3. p. 30. And Chy- 
miſts obſetve, that when the eſſential ſalts 
| of 
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of vegetables are ſet to cryſtallize, it is 
needful to take off the skin or Pellicle, 
which covers the liquor, before the ſalts 


will ſhoot well. 
We ſee from the great quantity of air, 


| which is found in falts, of what uſe it is. 


in their cryſtallization and formation; and 
particularly how neceſſary it is in making 


ſalt · petre from the mixture of ſalt of tartar 


and ſpirit of nitre. For ſince by Experiment | 
72 and 73, a great deal of air flies away, in 
the making of 'Sal Tartar, cither from nitre 
and tartar, or from tartar alone; it muſt. 
needs be neceſſary, in order to the forming 
of nitre from the mixture of Sal Tartar and 
ſpirit of nitre, that more air ſhould be in- 
corporated with it, than is contained either 
in the Sat 7. artar or ſpirit of nitre. 


EXPERIMENT LXXV.“ 


Near half a cubick inch of compound A- 
qua-fortis, which bubbled and made a con- 


ſiderable expanſion in diſtillation was ſoon 


diſtilled off: as it cooled the expanſion a- 


bated very faſt, and a little air was abſorb- 


ed. Whence it is evident that the air ge- 
nerated by the diſtillation of nitre, did not 
ariſe from the volatile ſpirituous particles. 

2 . | — 
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Hence alſo it is probable that there is 


ſome air in acid ſpirits, which is reſorbed 
and fixt by them in diſtillation. And this 


is further confirmed from the many air 
bubbles which ariſe from Aqua- regia, in 
the ſolution of gold; for ſince gold loſes 


nothing of its weight in being diſſolved, the 
air cannot ariſe from the metalline part of 
the gold, but muſt either ariſe from the 


Aqua- regia, or from latent air in the pores 
of the gold. 


EXPERIMENT LXXVI. 
Acubick inch of common Brimſtone ex- 
panded very little in diſtillation in a glaſs 
retort; notwithſtanding it had a great heat 


given it, and was all diſtilled over into the 
receiver without flaming. It abſorbed ſome 


air, but flaming brimſtone by * 


103, abſorbs abck air. 


A good part of the air thus mite from 
ſeveral bodies by the force of fire, was apt 


gradually to loſe its claſticity, in ſtanding 


ſeveral days; the reaſon of which was (as 
will appear more fully hereafter) that the 


acid ſulphureous fumes raiſed with that air, 


+ oo reſorb and fix the claſtick particles. 


ExPE- 
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Io prevent which I made uſe of the fol- 
S lowing method of diſtillation, which is 
much more commodious than with Glaſs 


Retorts, whoſe juncture at 4 (Fig. 33.) it is 
not caſy to ſecure. Having firſt pur the 


matter to be diſtilled into the iron retort 


rr (Fig. 38.) which was made of a musket 
barrel, I then fixed a leaden ſyphon to the 


noſe of the retort, and having immerſed 


the ſyphon in the veſſel of water xx, I 


placed over the open end of the ſyphon the 


inverted chymical receiver a 6 which was 


full of water; ſo that as the air which was 


raiſed in diſtillation, paſſed thro' the water 
up to the top of the receiver 4b, a good 
part of the acid ſpirit and ſulphureous fumes 


were by this means intercepted and retain- 
ed in the water; the conſequence of which 
was, that the new generated air continued 
in a more permanently elaſtiek ſtate, very 
little of it loſing its elaſticity, vig. not a- 


bove a-15th or 18th part, and that chiefly 


the firſt 24 hours; after which the remain- 


der continued in a conſtantly claſtick ſtate ; 


| excepting the airs of tartar and calculus hu- 
| anus, which in 6 or 8 days loſt conſtantly 


above one third of their elaſticity; after 
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which the remainder was permanently ela- 
ſtical. In which ſtate it has continued, 
without any ſenſible alteration, for theſe 


three years that I have kept ſome of the 
air of calculus humanus by me. 


That the great quantities of air which are 
5 are from theſe ſeveral ſubſtances 


by diſtillation are true air, and not a mere 
flatulent vapour, I was aſſured by the fol- 


lowing trials; vis. I filled a large receiver 
which contained 540 cubick inches, with air 
of tartar; and when it was cool, I ſuſpended 
the receiver on the end of a ballance while its 
mouth was inverted in water. Then upon lift- 
ing the mouth of the receiver out of water, I 
immediately covered it by tying a piece of 
bladder over it. When I had found the ex- 
act weight, I blew out all the air of tartar 
with a pair of bellows which had a long ad- 
ditional noſe that reached to the bottom of 
the receiver. And then tying the bladder 


on, I weighed it again, but could find no 
difference in the ſpecifick gravity of the two 


airs, and it was the ſame with an air of 


tartar which was 10 days old. 
As to the other property of the air, elaſti- 


city, I found it exactly the ſame in the air 
of tartar, which was 15 days old, and com- 
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mon air; by filling two equal tubes with 


theſe different airs, the tubes were 10 inches 


long and ſealed at one end; I placed them 


at the ſame time in a cylindrical glaſs con- 
denſing receiver, where I compreſſed them 
with two additional atmoſpheres, taking 


care to ſecure myſelf from danger in caſe 


the glaſs ſhould burſt, by placing it in a 
deep wooden veſſel, the water roſe to equal 
| heights in both tubes. This receiver was 
gently annealed and thereby toughened. "Dy. 
being boiled in Vrine where it lay till all 


was cold. 
I pur alſo i into the fattie tubes ſome new 
made air of tartar, both the tubes ſtanding 


in ciſterns of water; the air of one of theſe 


tubes J compreſſed in the condenſing en- 
gine for ſome days, to try whether in that 


compreſſed ſtate, more of the air's claſticity 0 
would be deſtroyed by the abſorbing va- 
pours than in an uncompreſſed ſtate; but I 


did not perceive any ſenſible difference. 
Lemery, in his courſe of chymiſtry, ; p. 592. 


obtained in the diſtillation of 48 ounces of 
Tartar, 4 ounces of phlegm, 8 of ſpitits, 


3 of oil, and 32 of ſcoria, z. e. two thirds 
85 the whole, ſo one ounce Was loſt in the 
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In my diſtillation of 443 grains of Tar- 


tar in Exper. 73. there remained but 42 
Ene of ſcoria, which is little more than 
rs of the Tartar; and in this remainder, 

: 3 was by Exper. 74 air, for there was 
Sal Tartar, it running per deliquium. | 
Whence by comparing Lemerys and my 

_ diſtillation together, we ſhall find, that there 
remained in this 32 ounces of ſcoria, and 
in the ounce that was loſt, (which was 


doubtleſs moſt of it air) ſubſtance enough to 


account for the great quantity of air, which 

in Exper. 73. was raiſed from Tartar ; eſpe- 
_ cially, if we take into the account the pro- 
portion of air, which was contained in the 

oil, which was vr part of the whole Tar- 
tar, for there is much air in oil. 
The bodies which I diſtilled in this man- 
ner (Fig. 38.) were Horn, calculus humanus, 


Oyſter-ſhell, Oak, Muſtard-ſeed, Indian- 


wheat, Peaſe, Tobacco, oil of Aniſced, oil 
- of Olives, Honey, Wax, Sugar, Amber, Coal, 
Earth, Walton Mineral, Sca-ſalt, Salt-petre, 
Tartar, Sal Tartar, Lead, Minium. The 
_ greateſt part of the air obtained from all 
which bodies was very permanent, except 
What the air of Tartar and calculus humanus | 
toſt 1 in ſanding ſeycral days. Particylarly that 
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reſorbed in a few days, as was alſo the air 
which was generated from detonized nitre 


in Experiment 102. Hence alſo we ſee the 
| reaſon, why 19 parts in 20, of the air 
which was generated by the: firing of Gun 
powder, was in 18 days reſorbed by the 
1 of the Gunpowder; as _ 

r. Haul see obſerved; in his phy ſico- 5 


. Experiments, page 83. 


In the diſtillation of Horn, it was obſerv- 
able, that when towards the end of the ope- 
ration the thick fœtid oil aroſe, it formed 


very large bubbles, with tough unctuous 
skins, which continued in that ſtate ſome 
time; and when they broke, there aroſe 


out of them volumes of ſmoak, as out of 


a chimney, and it was the ſame in the di- 


Un of Muſtard: ſeed. 


AN 3 ob Sn EXPERIMENTS MADE 
ON STONES: TAKEN OUT oF HUMAN U- 


INI AND: Ga BLADp ERS. 


Aviog procured, by the faviour of Mr. 
W -S urgeon fo His Majeſty's 
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193 
from nitre loſt little of its elaſticity, where- 
as moſt of the air obtained from nitre, in 
diſtilling with the receives (Fig. 3 3.) was 


n DL . 
7 G bij. db rede er 
FCC ͤ ˙ mA 7 . — 
Nn 5 ty n — 8 _ \ Le: 4 — _—_— 
Gow 1 & I 8 . * 


« 
. N * 8 5 
7 n a * 19 
ES 3 + as 2 * ERIN : W _ 2 2 
* e SE 8 hy 
. 


Z -=W Arabs of the re. | 
Haoulſbold, ſome calculi humani, I made the 
following Experiments with them, which 1 
ſhall here inſert, vig. 5 
I diſtilled a calcalus in the iron retort 
(Fig, 38.) it weighed 230 grains, it was 
ſomething leſs in bulk than +4 of a cubick 
inch: There aroſe from it very briskly, in 
diſtillation, 516 cubick inches of elaſtick air, 
that is, a bulk equal to 645 times the bulk 
of the Stone; fo that above half the Stone 


was raiſed by the action of the fire into elaſ- 


tick air; which is a much greater propor- 
tion of air than 1 have ever obtained by 

fire from any other ſubſtances, whether a- 
nimal, vegetable or mineral. The remtining 


calx weighed 49 grains, that is, : == part 


of the calculus; which is nearly the ſame 
proportion of calx, that the worthy Dr. 


Slare found remaining, after the diſtilling 
and calcining two ounces of calculus, ©* one 


c ounce and three drams of which (he 
ſays) © cvaporatcd in the open fire (a mate- 
c rial circumſtance, which the Chymiſts 
<: rarely enquire after) of which we have no 
account.“ Philoſ. Tranſact. Lowthory's 
Abridgment, Vol. III. p. 179. The greateſt 
part of which was, we ſee by the preſent 
. Experiment, raiſed i into permanently elaſtick 
* ar. RD „ By 
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Buy comparing this diſtillation of the cal. 


A with that of Reniſh Tartar, in Ex- 


per. 73. we ſee that they both afford more 
air in diſtillation, than any other ſubſtances: 

And it is remarkable, that a greater propor- 
tion of this new raiſed air from theſe two 


ſubſtances, is reſorbed, and loſes its elaſti- | 
city, in ſtanding a few days, than that of any 


other bodies; which are ſtrong ſymptoms 
that the calculus is a true animal Tartar. 
And as there was very conſi iderably leſs oil, 
in the diſtilldtion of Reniſß Tartar, than 
there was in the diſtillation of the Seeds and 


ſolid parts of vegetables; ſo I found that 
this calculus contained much leſs oil than 
| the blood or ſolid parts of animals. 


I diſtilled in the ſame manner as the 4 
band mentioned calculus, ſome ſtones taken 
out of a human Gall Bladder, they weighed 


52 grains, ſo their bulk was equal to + part 
of acubick inch, as I found by taking their 


ſpecifick gravity. There was 108 cubick 
inches of elaſtick air raiſed from them in 
diſtillation, ' a quantity equal to 648 times 
their bulk ; much the ſame quantity that 


was raiſed from the calculus. About + part 
of this elaſtick air was in four days reduced 
into a fix d ſtate. There aroſe much more 


VVV 
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oil in the diſtillation of theſe Stones, than 
from the Calculus, part of which oil did 


ile from the Gall, which adhered to and 


was dried on the ſurfaces of the Stones, 


which oil formed large bubbles, like thoſe 


which aroſe in the En” of Decr's 
. Horn, p. 187. Sg | 
A A ſmall Stone of the Gall Bladder, which 
was as big as a Pca, was diflolved in a Lix- 
ivium of Sal Tartar in ſeven days, which 
Lixivium will alſo diſſolve Tartar; yet it 


will not diſſolve the Calculus, which | is more 


| r united in its parts. a 
A quantity of Calculus equal to one half 5 


of what was diſtilled, vis. 115 grains, did, 
when a cubick inch of ſpirit of nitre was 


poured on it, diſſolve in 2 or 3 hours, with 
a large froth, and generated 48 cubick inches 
of air, none of which loſt its elaſticity, tho' 
it ſtood many days in the glaſs veſſel. (Fig. 
34.) And a like quantity of Tartar being 


mixed with ſpirit of nitre, was in the ſame 


time diſlolved, but no elaſtick air was ge- 
nerated, notwithſtanding Ti artar abounds ſo 


much with air. 
small pieces of 7. artar and Caltulus were 


in 12 or 14 days both diſſolved by oil of 
Vitriol; the like Piece of Tartar and Cal- 
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culus were diſſolved in a few hours by oil 


_ of Vitriol, into which there was gradually 
| poured near an equal quantity of ſpirit of 
HFarts- horn, made with Lime, which cauſed 
a conſiderable ebullition and heat. | 


Tho the remaining calx of the diſtilla- ; 
tion of Tartar, in Exper. 73. run per deli- 


quium, and had therefore Sl Tartar in it; 
and tho' the calx of the diſtilled Calculus did 


not run per deliquium, and had conſequently * 
no Sal Tartar in it; yet it cannot thence 
be inferred, that the Calculus is not a tar- < 


tarine ſubſtance : Becauſe by Exper. 74. 


is evident, that Sal Tartar it ſelf, 258 
mixed with an animal calx, diſtils all over, 


| ſo that the calx will not afterwards run * | 


aeliquium. 
By the great ſunilitude there is N | 
in ſo many reſpects between theſe two ſub- 


| ſtances, we may well look upon the Cal. 
culus, and the Stone in the Gall Bladder, 


as true animal Tartars, and doubtleſs — 


concretions are the ſame. 


From the great quantities of air that are 
found in theſe Tartars, we ſee that unelaſ- 


tick air particles, which by their ſtrongly. 
attracting property are ſo inſtrumental in 
forming; the nutritive matter of Animals 
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and Vegetables, is by the ſame attractive 
power apt ſometimes to form anomalous 


. concretions, as the Stone, &c. in Animals, 
| cſpecially in thoſe places where any animal 


fluids are in a ſtagnant ſtate, as in the U- 
rine and Gall Bladders, they ſtrongly ad- 


here alſo to the ſides of Urinals, &c. The 
like tartarine concretions are alſo frequently 


formed in ſome fruits, particularly in Pears; 
but they do then eſpecially coaleſce in great- 


eſt plenty, when the vegetable juices are 
in a ſtagnant ſtate, as in wine veſlels, exc. 


This great quantity of ſtrongly attract- 
ing, unelaſtick air particles, which we find 


in the calculus, ſhould rather encourage 
than diſcourage us, in ſearching after ſome 
proper diſſolvent of the Stone in the Blad- 


der, which, upon the analyſis of it, is 


found to be well ſtored with active princi- 
ples, ſuch as are the principal agents in 
fermentation. For Mr. Boyle found there- 
in a good quantity of volatile ſalt, with 
ſome oil; and we ſee- by the preſent Ex- 


periment, that there is ſtore of unelaſtick 


air particles in it. The difficulty ſeems 
chiefly to lay, in the over propottion of 
| theſe laſt mentioned particles, which are 


firmly united 3 by ſulphur and ſalt; 
the 


1 „ & 
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the proportion of caput mortuum, or carth 
being very ſmall. 


E XPERIMEN T LXXVIII. 
One cighth of a cubick inch of Mercury 


made a very inſenſible expanſion in diſtil- 


lation, notwithſtanding the iron retort had 


an almoſt melting heat given it at a ſmith's 
| forge, ſo that it made an ebullition, which 
could be heard at ſome diſtance, and withal 
ſhook the retort and recciver. There was 
no air generated, nor was there any expan- 
ſi ion of air in the following Exper. VIZ. 


ExPBRIMENT LXXIX. 
I put into the ſame retort half a cubick 


inch of Mercury, affixing to the retort a very 
capacious receiver, which had no hole in 
the bottom. The wide mouth of the re- 


cciver was adaptcd to the ſmall neck of the 
retort (which was made of a musket barrel) 


by means of two large pieces of cork which 


entered and filled the mouth of the receiver, 


they having holes bored in them of a fit ſize 
for the neck of the retort; and the junc- 


ture was farther ſecured, by a dry ſupple 


bladder tied over it; for I purpoſely avoided 
making uſe of any moiſt a and took 
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cate to wipe the inſide of che receiver very 
dry with a warm cloth. 

The Mercury made a great ebullition, and 
came ſome of it over into the receiver, as 
ſoon as the retort had a red heat given it, 

which was increaſed to a white and almoſt 
melting heat, in which ſtate it continued 
for half an hour. During which time, I 
frequently cohobated ſome part of the Mer- 
cury, which condenſed, and was lodged on 
an horizontal level, about the middle of 
the neck of the retort: And which upon 
raiſing the receiver, flowed down into the 
bottom of the retort, and there made a freſh. 

_ ebullition, which had ceaſed, when all the 
Mercury was diſtilled from the bottom of 

the retort. When all was cool, I found 
about two drams of Mercury in the retort, 

and loſt in the whole 43 grains, but there 
was not the leaſt moiſture in the receiver. 


Whence it is to be ſuſpected that Mr. 


Boyle and others were deceived by ſome 
unheeded circumſtance, when they thought 
they obtained a water from Mercury in the 


diſtillation of it; which he ſays he did once, 


but could not make the like Experiment 
afterwards ſucceed. Boyle, Vol. III. p. 416. 
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I remember that about 20 years ſince, 1 
was concerned with ſeveral others in mak- 
ing this Experiment at the claboratory in 
Trinity College Cambridge, when imagin- 
ing there would be a very great expanſion, 


we luted a German carthen retort to three 
or four large Alodals, and a capacious re. 


cciver; as Mr. Malſon did in his courſe of 
Chymiſtry. Four pounds of Mercury was 


poured by little and little into the red hot 

retort, thro' a tobacco-pipe purpoſely af- 
| fixed to it. The event was, that we found 

ſome ſpoons full of water with the Mercury 


in the Alodals, which I then ſuſpected to 


ariſe from the moiſture of the earthen re- 
tort and lute, and am now confirmed in 
that ſuſpicion. It rained inceſſantly all the 
day, when I made this preſent Experiment; 


ſo that when water is obtained in the diſtil- 


lation of Mercury, it cannot be owing to a 
moiſter temperature of the air. 


The effetts of Fermentation on the Air. i; 


Aving from the foregoing Experiments - 
ſeen very evident proof of the pro- 


duction of conſiderable quantities of true 


claſtick air, from liquors and ſolid bodies, 
| = DO nn - | by 


„ 


% 
4 
x 
: + 1 
5 * 
fr 
g 
1 j 
* 
by 
a4 
3 
1 
TY 


ee 
. 


* - . = 3 
n 
5 ets re FT 


202 | Anahy s of the Ar. 


by means of fire z- we ſhall find in the fol- 


lowing Experiments many inſtances of the 


production; and alſo of the fixing or ab- 
ſorbing of great quantities of air by the fer- 
mentation ariſing from the mixture of va- 
riety of ſolids and fluids: Which method 
of producing and of abſorbing, and fixing 


the elaſtick particles of air by fermentation, 


ſeems to be more according to nature's 
4 uſual way of nn than me: other 


of firc. 


EXPERIMENT LXXXx. 
4; put into the bolthead þ (Fig. 14) 16 cu- 


bick inches of Sheep's Hood, with a little 
water to make ir ferment the better. I 
found by the deſcent of the water from S 


to y that in 18 days fourteen cubick inches 
of air were e | | 


EXPERIMENT ILXXXI. 


Volatile Sali of Sal Ammoniac, placed i 4 


an open glaſs ciſtern, under the inverted 


glaſs $244, (Fig. 35.) neither generated 
nor abſorbed air. Neither did ſeveral o- 
ther volatile liquors, as ſpirits of Harts- 
horn, ſpirits of Wine, nor compound As. 


quafortis, generate any air. But Sal Am. 


moniac, 


rg 


Eos 
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moninc, Sa! Tartar, and ſpirits of Wine 


mixed together, generated 26 cubick inches 
of air, two of which was in four days re- 


ſorbed, and after that generated again. 
| ExPERIM EMT LXXXII. 
Half a cubick inch of S Ammoniac, and 


double that quantity of Oil of Vitriol, ge- 
nerated the firſt day five or ſix cubick inches: 


But the following days it abſorbed fifteen 
cubick inches, and neee nr * in 
that ſtate. 


Equal quantities of ſpirits of T arpentine, 
and oil of Vitriol, had near the ſame effect, 


except that it was ſooner in an — 


ſtate than the other. 
Mr. Geoffroy ſhews, that the mixture of 
any vitriolic ſalts, with inflammable ſub- 


ſtances, will yield common Brimſtone; and 


by the different compoſitions he has made 


of ſulphur; and particularly from oi of 


Vitriol, and oil of Turpentine; and by the 


Analyſis thereof, when thus prepared, he 
diſcovered it to be nothing but vitriolic . 
ſalt, united with the combuſtible ſubſtance. 


French Memoirs, Anno 1704. p. 381. or 
Beyle's Works, Vol. III. . 273. Notes 


Ex- 
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Ex PERIMEN * LXXXIIL 


im February I poured on ſix cubick inches 
of powdered Gyſterſbell, an cqual quantity 
of common whitc-wine Vinegar. In five or 
ſix minutes it generated 17 cubick inches of 
air, and in ſome hours 12 cubick inches 
more; in all 29 inches. In nine days it 
mad ſlowly reſorbed 21 cubick inches of air. 
Ihe ninth day I poured warm water into | 
the veſſel xx, (Fig. 34.) and the following 
day, when all was cool, I found that it had 
reſorbed the remaining s cubick inches. 
_ Hence we ſcc that warmth will ſometimes 
promote a reſorbing as well as a generating 
ſtate, viz. by raiſing the reſorbing fumes, 
as will appcar more hereafter. 
Half a cubick inch of Oyffer ſbell, and a 
cubick inch of oil of Variol, generated. 32 
cubick inches of air. 
_  Oyfterfhell, and 2 cubick inches of ſour 
; Remer, of a Calf's ſtomach, generated in 
four days 11 cubick inches. But Oyfer fell 
with ſome of the liquor of a Calf s ftomach, 


which had fed much upon hay, did not ge- 


nerate air. It was the ſame with rand | 
and — Urine and N 


8 85 = „ 


e % 2 x #_ 


effect when mixed with crams of bread. - 


ee of the Ar. 20% 


Half a cubick inch of Oye ſter ſpeil and 
Sevil Orange juice generated the firſt day 
13 cubick inches of air, and the following 
days it reſorbed that, and three or four 


more cubick inches of air, and would fome- 


times generate again. It was the fame wirh 


Limon juice. 
Oyſter ſhell and Mith generated « keel air: 
But Limon juice and Mith did at the fame 


time abſorb a little air; as did: alſo Calves 
Rennet and Vinegar; ſome of the fame Ren. 


net alone generated a little air, and reſorbed 
it again the following day. It had the ſame 


EXPERIMENT LXXXIV. 
A cubick inch of Limon jure, and near 
an equal quantity of ſpirits of Hayts-horn, 


per ſe, i. e. nor made with Lime, did in 4 
hours abſorb 3 or 4 cubick inches of air; 
and the following day it remitted or gene- 
rated two cubick inches of air: The third 

day turning from very warm to cold, it a- 


gain reſorbed that air, and continued in an 
abſorbing ſtate for a day or two. Z 
That there is great plenty of air incor- 


 porated, into the ſubſtance of Fe gerables, 


which 1 * actions. of fermentation is 
rouzed 


1 
1 
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rouzed into an elaſtick ſtate, is evident by 


theſe OR Experiments, VIS. 


EXPERIMENT. Ixxxy. 
e the 2d I poured into the bolt- 


head 6, (Fig. 34.) forty two cubick inches 
of Ale from the Tun, which had been there 


ſet to ferment 34 hours before: From that 


time to the oth of June it generated 639 


cubick inches of air, with a very unequal 


progreſſion, more or leſs as the weather 


Was warm, cool, or cold, and ſometimes 


upon a change from warm to cool, it re- 


ſorbed air, in all 32 cubick inches. 


ExPz RIMENT LXXXVE 


- March the 2d, 12 cubick inches of Ma- | 


laga Raiſms, with 18 cubick inches of wa- 


ter, generated by the 16th of April 411 cu- 


bick inches of air; and then in 2 or 3 cold 
days it reſorbed 35 cubick inches. From 
the 21ſt of April to the 16th of May it 


: generated 78 cubick inches; after which to 
the 9th of June it continued in a reſorbing 
ſtate, ſo as to reſorb 13 cubick inches; 
there were at this feaſon many hot days, 
with much Thunder and Lightning, which 
deſtroys the air's elaſticity; ſo there was ge- 


nerated 


5 


V 
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| nerated in all 489 cubick inches, of which 
48 were reſorbed. The __— was at laſt | 
5 very vapid. . 

From the great quantity of air generated 
from Apples, in the following Experiment, 


tis probable, that much more air would 
have riſen from the laxer texture of ripe 


A undried Grapes, than did from thele Rai- 


4 ins. 

Me ſee from theſe Experiments on Raiſ ins 
and Ale, that in warm weather Wine and 
Ale do not turn vapid by imbibing air, bur 
by fermenting and generating too much, 
whereby they are deprived of their enliven- 
ing principle, the air; for which reaſon 
theſe liquors are beſt preſerved in cool cel- 
lars, whereby this active invigorating prin- 
eiple is kept within due bounds, which when 
they exceed, Wines are upon the fret and 

in a danger of being ſpoiled. | 


ExPERIMENT LXXXVI. 
— venty⸗ cubick inches of Apples be- 


ing maſhed Augu/# 10, they did in 13 days _ 


generate 968 cubick inches of air, a quan- 
tity equal to 48 times their bulk; after which 
they did in 3 or 4 days reſorb a quantity e- 
qual to their bulk, notwithſtanding it was 
1 . 


oy 
e e 9 r od — =. — Nn IF TY > Fr UA * 
* + ,- * Y Ws 
+ _— by: 5 ; — 
4 by by 
r ANT INI EN NCINE ERA REEIIA 
* % . = 
r 9 n * n 0 e N : 5 begs . 7 * 
N , ' * ** 7 a = N Y . 75 N N Es es = DOR . 
q N 4 „ 4 - 
x : \ 4 . 1 
o 4 a, 
A 28 
x» * % » 
Gras l 
— 5 4 : y 


8 


208 
very hot weather; aſtor Which they were 


Analyſis of the Ar. 


ſtationary, neither roſorbing nor nn 


air in many days. 


A very coarſe Brown-fugar, with atx equal 
quantity of water, generated nine times: its 
bulk of air; Rzce-flawer ſix times its bulk; 


Senrvoy-graſs leaves generated and abſorbed 1 
air; Peaſe, Wheat and Barley did in Fermen- | 


tation alſo generate great quantities of air. 


That this air, which ariſes in ſuch great f 
quantities from fermenting and diſſolving 


vegetables is true permanent air, is certain, 


by its continuing in the ſame expanded e- 
laſtick ſtate for many weeks and months; 
_ Which expanding watry vapours will not do, 


but ſoon; condenſe! when cool. And that 
this new generated air is elaſtical is plain, 


not only by its dilating and contracting with 
heat and cold, as common air does, but 


alſo by its being compreſſible, in proportion 


to the incumbent weight, as appears by the 
two following Experiments, which ſhew | 


what the great force of theſe aerial particles 
is, at the inſtant they eſcape from the fer- 


n vegetables. 


ExPE- 


ir 


EXPERIMENT LXXXVIIL 


1 filled the ſtrong Hungary-water Battle 


c (Fig. 36.) near half full of Peaſe, and then 


full of water; pouring in firſt half an inch 
depth of Mercury ; then I ſcrewed at 6 in- 


to the bottle the long dender tube 4 g, 


which reached down to the bottom of the 


bottle; the water was in two or three days 
all imbibed by the Peaſe, and they thereby 
much dilated; the Mercury was alſo forced 


up the ſlender glaſs tube near 80 inches high 5 
in which ſtate the new generated air in the 
bottle was. comprefled with a force equal 


to more than two atmoſpheres and an half; 


if the bottle and tube were ſwung to and 


fro, the Mercury would make long vibra- 


tions in the tube between & and &, which 
proves the great elaſticity of the compreſſed 


air in the bottle. | 


EXPERIMENT LXXXIX. 


1 found the like elaſtick force by the a; 
lowing Experiment, vis. I provided a ſtrong 
iron pot 46 d (Fig. 37.) which was 2 and+ 


inches diameter within ſide, and five inches 
deep. I poured into it half an inch depth 


of Mercury; then I put a little coloured 
Pr honey 


Ss. 
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honey at x, into the botrom of the glaſs- 
tube S x, which was ſealed at the top. I ſet 
this tube in the iron cylinder xz xz, to ſave 
it from breaking by the ſwelling of the Peaſe. 
The pot being filled with Peaſe and water, 


put a leathern collar between the mouth 
and lid of the pot, which were both ground 


even, and then preſſed the lid hard down 
in a Cyder-preſs : The third day I opened 
the pot and found all the water imbibed by 
the Peaſe; the Honey was forced up the 


glaſs-tube by the Mercury to =, (for ſo far 


the glaſs was dawbed) by which means J 


found the preſſure had been equal to two 
| atmoſpheres and ; and the diameter of the 
pot being 2 ＋ inches, its area was ſix 


ſquare inches, whence the dilating force of 


the air againſt the lid of the 28 was equal 
to 189 pounds. i 


And that the expanſive ones of new 


generated air is vaſtly ſuperior to the 


power with which it ated on the Mer- 
cury in theſe two Experiments is plain 


from the force with which fermenting 


Muſt will burſt the ſtrongeſt veſſels; and 


from the vaſt exploſive force. with which 
the air generated from nitre in the firing 

of gun- powder, will burſt aſunder the 
6 15 ſtrongeſt 


n 
* > 2 


amt”? 


; moe, rt OS 


r 
n . 


— 


Was 


775 


1. 


n 


1 


ws 


T3 > >wwe 


Fn W 


1, 


0 Vl 7 


* * 
- 


ol 
2 


£525 * * 


—— 
. 


_—_ 
_— 2 


PA 
> 


Pls 


— — 


8 


8 206 222 722521 


—— WW A — — 
— —— —b 


rern 
— 


922 


22755 4, 5 > , 
1 


Wi 4 1648 25 


-ulns, 


A 


f 


7 


tl 


' 


8. Gri bel 


88 8 a> HT” 


„ 


— * wa. pes 
uy „ . 


44% 


WAI, 


2 y i; i 
3 — nne 


> 
SA 
9 
* 
4% 
. 4 
4s 
5 
lt” 
Fan 
Y * 
( 
B 
Wd 
1 
ol 
"Is 
IE 
4 
"0 
= 
„ 
; 
7 


Analyſis of the Air, 2111 


ſtrongeſt bombs or cannon, and whitl for- 

tifications in the air. 
This ſort of mercurial gage, made uſe of 

in Experiment 39, with ſome unctuous mat- 


ter, as Treacle, or the like tinged liquor, 


on the Mercury in the tube, to note how - 
high it riſes there, might probably be of ſer- 
vice, in finding out unfathomable depths cf 
the Sea, ViS. by fixing this ſea gage to ſome _ 
| buoyant body which ſhould be ſunk by a 
weight fix'd to it, which weight might by 
an caſy contrivance be detached from the 


buoyant body, as ſoon as it touched the bot- 
tom of the ſea; ſo that the buoyant body 


and gage would immediately aſcend to the 


ſurface of the water; the buoyant body 


ought to be pretty large, and much lighter 
than the water, that by its greater eminence 

above the water it might the better be ſeen; 
for tis probable that from great depths it 

may riſe at a conſiderable diſtance from the 
ſhip, tho! in a calm. 


For greater accuracy it will be needful, 
firſt to try this ſea-gage, at ſeveral different 


depths, down to the greateſt depth that a 
line will reach, thereby to diſcover, whe- 
ther or how much the ſpring of the air is 


diſturbed or _ condenſed, not only by the 
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great . of the incumbent water, but 


alſo by its coldneſs at great depths; and in 
what proportion, at different known depths, | 
and in different lengths of time, that an al- 
lowance may accordingly be made for it at | 


unfathomable depths. 
This gage will alſo readily new the de- 


grees of La in the condenſing en- f 
dine. ä | 
But to return to the ſubject of the two laſt ; 
Experiments, which prove the elaſticity of | 
this new generated air; which elaſticity is 
ſuppoſed to conſiſt in the active aerial par- 
ticles, repelling each other with a force, 
which is reciprocally proportional to their 
diſtances. That illuſtrious Philoſopher, Sir 
Tſaac Newton, in accounting how air and 
vapour is produced, Opticks Quer. 31. ſays, 
„The particles when they are ſhaken off 
* from bodies by heat or fermentation ſo 
« ſoon as they are beyond the reach of the 
c attraction of the body receding from it, 
* as alſo. from one another, with great 
ze ſtrength and keeping at a diſtance, ſo as 
9 ſometimes to take up above a million of 

4 times more ſpace than they did before in 
the- form of a denſe body, which vaſt 
ka contraQion. and. cx panſion ſeems unintel- 
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_ & ligible, by feigning the particles of air 
eto be ſpringy and ramous, or rolled up 


like hoops, or by any other means than 
« by a repulſive power.“ The truth of 


which is further confirmed by theſe Expe- 


riments, which ſhew the great quantity of 
air emitted from fermenting bodies; which 


not only proves the great force with which 


the parts of thoſe bodies muſt be diſtended; 
bur ſhews alſo how yery much the parti- 
cles of air muſt be coiled up in that ſtate, 


if they are, as has been ſuppoſed, e 
and ramous. | 
| To inſtance in the caſe of the N 
Apples which generated above 48 times 


their bulk of air; this air, when in the 
Apples, muſt be compreſſed into leſs than 
a forty- cighth part of the ſpace it takes up, 
when freed from them, and it will con- 
ſequently be 48 times more denſe; and 


ſince the force of compreſſed air is propor- 
tional to its denſity, that force which com- 
preſſes and confines this Air in the Apples, 
muſt be equal to the weight of 48 of our 
| atmoſpheres, when the Mercury in the 
Barometer ſtands at fair, that is zo inches 


high. 
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Now a cubick inch of Mercury weigh- 


ing 3580 grains, thirty cubick inches (which | 
is equal to the weight of our atmoſphere on 
an area of a cubick inch) will weigh 13 
pounds, 5 ounces, 215 grains; and 48 of 
them will weigh above 736 pounds; which 
is therefore equal to the force with which an 
inch ſquare of the ſurface of the Apple 
would compreſs the air, ſuppoſing there 
were no other ſubſtance but air in the Ap- | 
ple: And if we take the ſurface of an Ap- 


ple at 16 ſquare inches, then the whole 


force with which that ſurface would com- 


preſs the included air, would be 11776 


pounds, And fince action and re- action 


are equal, this would be the force, with 
which the air in the Apple would endeavour 
to expand itſelf, if it were there in an elaſtick 
and ſtrongly compreſſed ſtate: But ſo great 


an expanſive force in an Apple would cer- 
tainly rend the ſubſtance of it with a ſtrong 


exploſion, eſpecially when that force was 


Increaſed, by the vigorous influence of the 


Sun's warmth. 


We may make a like eſtimate alſo, from 


the great quantities of air which aroſe ci- 


ther by fermentation, or the force of fire 


from ſeveral other bodics. Thus in Exp. 5s. 


| there 


* if the Air. Rau 


there aroſe from a piece of heart of Oak, 
2156 times its bulk of air. Now 216 cubick 


inches of air, compreſſed into the ſpace of 


one cubick inch, would, if it continued there 


in an claſtick ſtate, preſs againſt one ſide of 


the cubick inch with an expanſive force 
equal to 3310 pounds weight, ſuppoſing 
there were no other. ſubſtance but air con- 


tained in it; and it would preſs againſt the 


| ſix ſides of the cube, with a force equal to 
- 19860 pounds, a force ſufficient to rend 

the Oak with a vaſt exploſion: Tis very 
| reaſonable therefore to conclude, that moſt 
of theſe now active particles of the new 
generated air were in a fix d ſtate in the Ap- 
ple and Oak before they were rouſed, and 


put into an active repelling ſtate by fermen- 


ration and fire. 


The weight of a cubick inch of Apple 


being 191 grains, the weight of a cubick 
inch of air 5 of a grain, 48 times that 


weight of air is nearly cqual to the four. 
teenth part of the weight of the Apple. 
And if to the air thus generated from a 


veſſel of any vegetable liquor by fermenta- 
tion, we add the air that might afterwards 
be obtained from it by heat or diſtillation; 


and to that alſo the vaſt quantity of air 
1 +. . 
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which by Experiment 73 is found to be 
contained in its Tartar which adheres to 
the fides of the veſſel; it would by this 
means be found that air makes a very con- 
fiderable part of the ſubſtance of "OP 
tables, as well as of Animals. 

But tho from what has been ſaid, it is 
| reaſonable to think, that many of theſe par- 
ticles of air were in a fixt ſtate, ftrongly 
| adhering to and wrought into the ſubſtance 

of Apples; yet on the other hand it is moſt 
evident from Exper 34, and 38, where in- 
numerable bubbles of air inceſſantly aroſe. 
through the ſap of Vines, that there is a 
conſiderable quantity of air in Vegetables, 
upon the wing, and in a very active tare, 
Eſpecially in warm weather, which enlarges 
the ſphere of their 1 


The effetts of the Fermentation of mineral 
AY whſtances on the air. | 


Have above ſhewn that air may be pro- 
duced from mineral Subſtances, by the 
action of fire in diſtillation. And we have 
in the following Experiments many in- 
ſtances of the great plenty of air which is 


gentrated * ſome fermenting mixtures, 
| ablordeg 
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abſorbed by others, and by others _ 
natcly ee and abſorbed. N 


EXPERIMENT. . 


1 Log upon a middle fized Gold Ring; | 


beat into a thin plate, two cubick inches 


of Aqua Regia; the Gold was all diffolved 
the next day, when 1 found four cubick 
inches of air generated; for air bubbles 


were continually ariſing during the ſolu- 
tion: But ſince Gold loſes nothing of itz 
weight in being thus diſſolved, the four 
cubick inches of air, which weighed more 


than a grain, muſt ariſe either out of the 


pores of the Gold, or from the Aqua Re. 


gia, which makes it probable, that there 


are air particles in acid ſpirits; for by Ex- 


periment 75, they abſorb air, which air 
particles regained their elaſticity, when the 
acid ſpirits which adhered to them were 
more ſtrongly attracted by the Gold, than 


ad rhe air particles. 


"xn xc 


A quarter of a cubick inch of Antimony, 
and two cubick inches of Aqua Regia, ge- 


erated 38 cubick inches of ait, the firſt 


Roy or four hours, and then abſorbed 14 
| cubick 
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cubick inches in an hour or two. It is 
very obſervable, that air was generated 


while the ferment was ſmall, on the firſt 
mixing of the ingredients: But when the 


ferment was greatly increaſed, ſo that the 
fumes roſe very viſibly, then there was a 


change made from a generating to an ab- 


ſorbing ſtate; that is, there was more air 


abſorbed than generated. 
That I might find whether the air was ab. 
ſorbed by the fumes only of the Aqua Regia, 


or by the acid ſulphureous vapours, which 


aſcended from the Antimon, I put a like 
quantity of Aqua Regia into a bolthead 6, 
(Fig. 34.) and heated it by pouring a large 


- - quantity of hot water into the ciſtern x x, 
which ſtood in a larger veſſel, that retained 


the hot water about it, but no air was ab- 


: ſorbed; for when all was cold, the water 


| ſtood at the point =, where I firſt placed it: 
And I found it the ſame, when inſtcad of 


Aqua Regia, I put only ſpirit of Nitre in- 
to the bolthcad 6: Vet in the diſtillation of 


compound Aquafortis, Exper. 75. a little 
was abſorbed. Hence therefore it is pro- 
bable, that the greateſt part, if not all the 
air, was abſorbed by the fumes whi ch aroſe 
from the Antimony. 


Exes- 
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—_— Cc 1 4 am a © OY 


ah is of the Ar. 7. 219 
ExynnINENT xcll. 
Some time in February, the weather very 


8 cold, I poured upon a quarter of a cubick 
inch of powdered Antimony, a cubick inch 
of compound or double Aqua-fortis, in the 


bolthead 6, (Fig. 34.) in the firſt 20 hours 
it generated about 8 cubick inches of air; 
after that, the weather being ſomewhat 
warmer, it fermented faſter, ſo as in two 
or three hours to generate 82 cubick inches 


of air more; but the following night being 


very cold, little was generated: So the next 
morning I poured hot water into the veſſel 
x x, Which renewed the ferment, ſo that it 
generated 4 cubick inches more, in all 130 
cubick inches, a quantity equal to 520 times 
the bulk of the Antimony. #5 
The fermented maſs looked like Brim: 
ſtone, and when heated over the fire, there 


ſublimed into the neck of the bolthead a 


red ſulphur, and below it a yellow, which 
ſulphur, as Mr. Boyle obſerves, Vol. III. 


P. 272. cannot be obtained by the bare ac- 


tion of fire, without being firſt well digeſt- 


ed in oil of Vitriol, or ſpirit of Nitre. 


And by comparing the quantity of air ob- 
tained by fermentation in this Experiment, 


3 5 
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with the quantity obtained by the force of 
fire in Exper. 69. we find that five times 

more air was generated by fermentation 
than by fire, which ſhews fermentation to 
be a more ſubtle diſſolvent than fire; yet in 
ſome caſes there is more air generated by | 


fire than by fermentation. 
Half a cubick inch of oi of Antimony, 
13 with an equal quantity of compound Aqua- 
Portis, generated 36 cubick inches of elaſ- 
tick air, which. Was all reſorbed the fol. | 


lowing day. 


ExeERIMENT XCIII. 


Some time in. February, a quarter of a 
cubick inch of filings of Tron, and a cubick 
inch of compound Aqua-fortis, without any 
| water, did in 4 days abſorb 27 cubick inches 
of air. It having ceaſed to abſorb, I poured 
hot water into the veſſel x x, to try if I 
could renew the ferment. The effect of this 
was, that it generated 3 or 4 cubick inches 
of air, which continued in that ſtate for 
ſome days, and was then again reſorbed, 
I repeated the ſame Experiment in warm 
weather in April, when it more briskly ab- 
ſorbed 12 meet inches in an Bour. 


74 op. 22 q . 5 
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ExpprINenT XCIV. 
March 12th, 7 of a cubick inch of filings 


of Iron, with a ek inch of compound 


Aqua-fortis, and an equal quantity of water, 


for the firſt half hour abſorbed 5 ors cubick 


inches of air; but in an hour more it had 


> emitted that quantity of air; and in two 
hours more it again reſorbed what had been 
juſt before emitted. The day following it 
| continued abſorbing, in all 12 cubick in- 
|  ches: And then remained ſtationary for 18 
or 20 hours. The third day it had again re- 
mitted or generated 3 or 4 cubick inches 
of air, and thence continued ſtationary for 5 
five or ſix days. 
It is remarkable, that the ſame mixtures 
ſhould change from generating to abſorbing, 
and from abſorbing to generating ſtates; 


ſometimes with, and ſometimes without any 
ſenſible alteration of the ne of 


the air. 
A like quantity of filings of Tron, and 

| Oil of Vitriol, made no ſenſible ferment, 
and generated a very little air; but upon 


pouring in an equal quantity of water, it 
generated in 21 days 43 cubick inches of air; 


and in 3 or 4 885 more it reſorbed 3 cu- 
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bick inches of air; when the weather turned 


warmer it was generatcd again, which was 
again reſorbed when it grew cool. 
One fourth of a cubick inch of filings 
of Tron, and a cubick inch of Oil of Vi- 
triol, with three times its quantity of water, 
generated 108 cubick inches of air. 
Filings of Iron, with Spirit of Nitre, 
either with an equal quantity of water, or 


without Water, abſorbed alt, but molt with- 


One fourth of a cubick inch of of fling of of 
Iron, and a cubick inch of Limon juice, ab- | 


ſorbed two cubick inches of air. 


ExrIER 1MENT xc. 


Half a cubick inch of Spirits of Harts- | 
horn, with filings of Iron abſorbed 1 ++ 
cubick inches of air, with filings of Copper 
double that quantity of air, and made a 
very deep blue tincture, which it retained. 


long, when expoſed to the open air. It was 
the ſame with Spirit of Sal Ammoniac, and 


| filings of Copper. 


A quarter of a cubick inch of filing 5 of 


Iron, with a cubick inch of powdered Brim- 


ſtone, made into a paſte with a little water, 
abſorbed 19 cubick inches of air in two days. 


N. B. 
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N. B. I poured hot water into the ciſtern 


xx, (Fig. 34.) to promote the ferment, 


A like quantity of flmmgs of Iron, and 
powdered Newcaſtle Coal, did in 3 or 4 
days generate 7 cubick inches af air. I 
could not perceive any ſenſible warmth in 


this mixture, as was in the mixture of Tron | 


and Brimſtone. 
Powdered Brimſtone and N encafle Coal t 
neither generated nor abſorbed. 
Filings of Iron and Water abſorbed : 30r 
4 cubick inches of air; but they do not ab- 


ſorb ſo much when immerſed deep in wa- 


ter ; what they abſorb is uſually the firſt 3 


or 4 days. 


Filings of Iron, and the abovementioned 


Walton Pyrites, in Exper. 70. abſorbed in 


4 days a quantity of air nearly ww to 
double their bulk. 


Copper Oar, and „ Aqua-fortis; 
neither generated nor abſorbed air, but mix- 


cd with water it abſorbed air. 


A quarter of a cubick inch of Tin, and 
double that quantity of compound Aqua- 
Fortis, generated two cubick inches of air; 
part of the Tin was diſſolved into a very | 
white ſubſtance. | 


.0 


Ex PE- 


be. ev of the dir 


3 MENT xcyl. 


April 16th, 2 cubick inch of the aſhoo- 
mentioned Walton Pyrites powderd, with 
a cubick inch of compound Aqua: fortis, ex - 


5 panded with great violence, heat and ſume 
into a ſpace equal to 200 cubick inches, and 


in a little time it condenſed into its former 


ſpace, and then abſorbed * cubick ons 


＋ air. | 
But the like quantity of the i Mine: 


| it with equal quantities of compound Aqua- 


 fartis and Water, fermented more violently 
and generated above 30 cubick inches of air. 


1repeatcd theſe Experiments ſeveral times; 


both with and without water, and found 
_ conſtantly the fame effect. Yet Oil of Vi. 
triol and Water, with ſome of the ſame 


Mineral, abſorbed air. It was very warm, 


but did not make a great ebullition. 


But this Walton Mineral with equal quan- 


tities of ſpirit of nitre and water generated 


air, which air would abſorb freſh admitted 


air. 


rn XVII. 


1 ne two cqual ſized boteheads, and 


put into each of them a cubick inch of 
8 TY powdered 


Sb BB & = Aw ck own. 
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| powdered Walton Pyrites, with only a cu- 
* bick inch of compound Aqua- fontis into one, 
and a cubick inch of Mater and compound 


Aqua: fortis into the other: Upon weighing 


all the ingredients and veſſels exactly, both 


before and after the fermentation, I found 
the bolthead with compound Aqua-fortis a- 
lone had loſt in fumes 1 dram 5 grains: Bur 


the other .bolthead with Water and com- 


pound Agua-fortis, which fumed much 


more, had loſt 7 drams, 1 ſcruple, 7 grains, 


which is ſix times as much as the other loſt. 


ExPERIMENT XCVIII. 
A cubick inch of Newcaſtle Coal pow- 


dered, and an equal quantity of compound 


Agua: fortis poured on it, did in 3 days 


abſorb 18 cubick inches of air; andiin 3 


days more it remitted and generated 12 cu- 
bick inches of air; and on pauring warm 
Water into the veſſel x x, (Fig. 34.) it re- 
mitred all that had been abſorbed. 


Equal quantities of Brimſtone and com- 


pound Aqua:fortis neither generated nor ab- 
ſorbed any air, notwithſtanding hot Mater 
was poured into the veſſel x x. —]⁵F 


A . cubick inch of finely powdered Flint, . 
and an ae quantity Of * Aqua- 


2 Jortis, 
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1 Fortis, abſorbed in 5 or 6 days 12 cubick 


inches of air. 
Equal quantities of 1 Briſtol 


Diamond, and compound Aqua-fortis, and 


Water abſorbed 16 times their bulk of air. 
The like quantities without Water ab- 

ſorbed morc TOY * times their bulk 1 

air. 


in which thoſe Diamonds lay) covered pret- 
ty deep with Water, neither generated nor 
abſorbed air; and it is well known that 
Briſtol Water does not ſparkle. like ſome 
other Mineral Waters. | 


— 


E XPERIME NT XCIx.. 


When Aqua Regia was poured on Oleum 


13 per deliquium much air was gene- 
rated, and that probably chiefly from the 


Oleum Tartari; for by Exper. 74. Sal Tar- 


tar has plenty of air in it. 

It was the ſame when / of J det was 
poured on Oleum Tartari; and Oleum Tar- 
tari dropped on boiling Tartar generated 
much air. | 

When equal quantities of Water and oil 
of Vitriol were poured on ſea falt it ab- 


ſorbed 15 cubick inches of air; but when 


in 


Powdered Briſtol Marble tte the ſhell | | 
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in the like mixture the quantity of Water 


was double to that of the oil of Vitriol, 


then 12 8 half ſo much air was abſorbed. 


EXPERIMENT C. 


1 will next ſhew, what effects ſeveral AL | 
| kaline Mineral bodies had on the air in fer- 
| menting mixtures. 


A ſolid cubick inch of ob Chalk, 


with an equal quantity of oil of Vitriol, fer- 
mented much at firſt, and in ſome degree 
for; days; they generated 31 cubick inches 
of air. The Chalk was only a little nn 5 
on its ſurface. 


One hundred and forty ſix grains, or near 


one third of a cubick inch of Chalk, being 
let fall on two cubick inches of ſpirit of 
ſalt, 81 cubick inches of air were generated, 
of which 36 cubes were reſorbed in 9 days. 

Vet Lime made of the ſame Chalk abſorb- 
ed much air, when oil of Vitriol was poured 


on it; and the ferment was ſo violent that 


it breaking the glaſs veſſels, I was obliged to 
put the ingredients in an Iron veſſel. 


Two cubick inches of freſh Lime, and 


four of common white wine Vinegar - ab- 
ſorbed in 15 days 22 cubick inches of air. 
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This Rke quantity of frech Lime wad is 


ter abſdrbed in 3 days ro cubick inches of 


air. 


Two Wiek inches of Lins, and an equal 


quantity of Sl Ammoniac abſorbed 115 cu- 
biek inches: The fumes of this mixture are 
therefore doubtleſs very ſuffocatigngg. 


A quart of unſlaked Lime, left for 44 
days, to flacken gradually by it ſelf without 


any mixture, abſorbed no air. 


March 3d, a cubick inch of powdered 
Belemnitis, taken from a Chalk pit, and wn 
equal quantity of oi of Yitriol, generated 


in five minutes 35 cubick inches of air. 


March sth, it had generated 70 more. 


| March 6th, it being a hard froſt, it reſorb- 
ed 12 cubick inches; ſo it generated in all 
. 105 inches, and reſorbed 12. 


Powdered Belemnitis and Limon juier ge- 


nerated plenty of air too; as did alſo the 
Har- Stone, Lapis Judnicus, and n 
With vi of Hitriol. 


; EXPERIMENT Cl. ES 
SGravelled, that is well bu ret, Woold-aſhes, 


elecrtpitated Salt, and Coleofhir of Vitriol, 
placed ſeverally under the inverted 'glfs 
$8544, (Fig. 35) increaſed in WR by 


im- 


ee 


8 * 
0 TY as 


immediately kindles into a live Cole, up- 


 imbibing the floating moiſture of the air : 


But they abſorbed no elaſtick air. It was | 


the ſame with the remaining lixiwious Salt 
of a diſtillation of Nztre. 
But 4 or 5 cubick inches of powdered 


freſh Cynder of Newcaſtle Cual did in ſeven 


days abſorb 5 cubick inches of elaſtick air · 
And 13 cubick inches of air were in 5 days 


abſorbed by Pulvis Urens, a powder which 


on being expoſed to the open air. 


EXPERIMENT cu. : 
What effect burning and flaming bodies, 


and the reſpiratiom of Animals have on the 
air, we ſhall ſee in the following — 5 


ments, vi. 
I fix'd upon the pedeſtal under the in- 
verted glaſs $44, (Fig. 35.) a piece of 
Brown Paper, which had been dipped in a 

ſolution of Nitre, and then well dried; 1 

ſet fire to the Paper by means of a burn- 
ing glaſs: The Nitre detonized and burnt 
briskly for ſome time, till the glaſs E 2 4 4 
was very full of thick fumes, which extin- 


- guilhed it. The expanſion cauſed by the 


burning Nitre, was equal to more than two 
quarts : When all was cool, there was near 
X 
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| 80cubick inches of new generated air, which 


aroſe from a ſmall quantity of detonized 


Nitre; but the claſticity of this new air dai- 


1y decreaſed, in the ſame manner as Mr. 
 Hauksbee obſerved: the air of fired Gun- 


powder to do, Phyſico-mechanical Exper. 


p. 83. ſo that he found 19 of 20 parts occu- 
Pied: by this air to be deſerted in 18 days, 


and its ſpace filled by the aſcending waterz 
at which ſtation it reſted, continuing there 
for 8 days without alteration: And in like 
manner, I found that a conſiderable part of 
the air which was produced: by fire in the 
diſtillation of ſeveral ſubſtances, did gra- 
dually loſe its elaſticity in a few days after 
_ the diſtillation was over; but it was not ſo 
| when I diſtilled air thro' water, as in Expe- 


riment 77. (Fig. 38.) 


EXPERIMENT. Cll. 


J So on the ſame pedeſtal large Matches 


made of linen rags dipped in melted Brim- 


tone: The capacity of the veſſel, (Fig. 35 ) 
above 2 S the ſurface of the water, was 


equal to 2024 cubick inches. The quantity 


of air which was abſorbed by the burning 
March was 198 cubick inches, equal to 2 
Part of the whole air in the veſſel. | 


1 
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I made the ſame Experiment in a leſſer 
"mall $8.44, (Fig. 35.) which contained 
but 594 cubick inches of air, in which 1 50 
cubick inches were abſorbed; 3. e. full ? 
part of the whole air in the receiver: 80 
that tho' more air is abſorbed by burning 
Matches in large veſſels, where they burn 
longeſt, than in ſmall ones, yet more air, 
in proportion to the bulk of the veſſel, is 
abſorbed in ſmall than in large veſſels: If a 
' freſh March were lighted and put into this 
infected air, tho' it would not burn - part 
of the time that the former Match burnt. 
in freſh untainted air, yet it would abſorb _ 
near as much air in that ſhort time; and it 5 
was the ſame with Candles. 
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Equal quantities of filings of Iron and 
Brimſtone, when let fall. on a hot Iron on 
hes the pedeſtal under the inverted glaſs æ & 44, 
22 (Fig. 35.) did in burning abſorb much air; 
5. and it was the ſame with Antimony and 
vas Brimſtone : Whence it is probable, that Yul- 
ity WW cano's, whoſe fewel conſiſt chiefly of Brim- 
ng ſtone, mix'd with ſeveral mineral and me- 
227 taline ſubſtances, do not generate, but ra: 
Fy ther abſorb air, 5 
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We find in the foregoing Experiment 102 


on Mitre, that a great part of the new ge- 


nerated air is in a few days reforbed, or 
| loſes itsclaſticity : But the air which is ab- 


 forbed by burning Brimſtone, or the flame 


of à Candle, does nor recover its elaſticiey 
_ again, at leaſt, not hile confined in op 


glaſſes. Y 


EXPERIMENT CV. 
I made feveral attempts to try whether 


air full of the fumes of burning Brimſtone 


Was as compreſſible as common freſh air, 
by eompreſſing at the fame time tubes =_ 
of each of theſe airs in the condenſing en- 

gine; and I found that clear air is very lit- 
tle more compreſſible than air with fumes 


of Brimſtone in it: But I could not come to 


an exact certainty in the matter, becauſe the 
fumes were at the ſame time deſtroying the 
elaſticity of the air. I took care to make 
the air in both tubes of the ſame tempera- 
ture, by firſt immerſing them in cold * 
before I compreſſed chem. 


ExP3RIMENT cl. 


1 fit a lighted zallowo Candh, which was 
about -* r of an inch nn under the in- 
| verted 


. „„. 1 > © E& 


» 
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verted receiver 554 4 (Fig. v5) and with 
a ſyphon I immediately drew the water up 
to S : Then drawing out the fyphon, the 
| water would deſcend for a quarter of a mi- 
nute, and after that aſcend, notwithftand- 
ing the Candle continued burning, and heat- 
ing the air for near 3 minutes. It was ob» 
ſervable in this Experiment, that the ſur- 
face of the water 5 S did not aſcend with 
an equal progreſſion, but would be ſome- 
times ſtationary ; and it would ſometimes 
move with a ſlow, and ſometimes with an 
accelerated motion; but the denſer the fumes 
the faſter it aſcended. As ſoon as the Can- 
dle was out, I marked the height of the 
water above 2 S, which difference was e- 
qual to the quantity of air, whole elaſti- 
city was deſtroyed by the burning Candle. : 
As the air cooled and condenſed in the re- 
ceiver, the water would continue riſing a. 
bove that mark, not only till all was cool, 
but for 20 or 30 hours after that, which 
height it kept, tho it ſtood many days; which 
ſhews chat the air did not recover the ola. 
city which it had loſt. 
The event was the * when for — 
- accuracy I repeated this Experiment by 
lighting the Candle 8 it Was $ placed un- 
2 17 der 


— 
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der the receiver, by means of a burning-glaſs, 
- which ſet fire to a ſmall piece of brown pa- 
per fixed to the wick of a Candle, which 
paper had been firſt dipped in a ſtrong ſolu- 
tion of Nitre in Water, and when well 


dried, part of it was dipped in melted Brim- 
ſtone; it will alſo light the Candle without 
being dipped in Brimſtons. Dr. Mayo, 


found the bulk of the air leſſened by ++ part, 
but does not mention the ſize of the glaſs 
veſſel under*which he put the lighted Can- | 
= De Sp. Nitro aereo. p. 101. The capa- 

city of the veſſel above S E, in which the 


Candle burnt in my Experiment, was equal 
to 2024 cubick inches; and the elaſticity of 


the = part of this ait was deſtroyed. 


The Candle cannot be lighted again in 


: this infected air by a burning; glaſs : But if 
I firſt lighted it, and then pur it into the 
* ſame infected air, tho' it was extinguiſhed 


in + part of the time, that it would burn in 


the ſame veſſel, full of freſh air; yet it 
would deſtroy the elaſticity of near as much 
air in that ſhort time, as it did in five times 
that ſpace of time in freſh air; this I re- 
peated ſeveral times, and found the ſame 
event : Hence a groſs air which is loaded 


with vapours, is more apt in equal times to 
loſe 


auoh, 75 . uh 


loſe its elaſticity in ne quantities, than 
a clear air. | 

I obſerve that where the veſſels are . 
and the ſize of the Candles unequal, the e- 
laſticity of more air will be deſtroyed by the 


large than by the ſmall Candle: and where 


Candles are equal, there moſt air in propor- 
tion to the bulk of the veſſel will be ab- 
ſorbed in the ſmalleſt veſſel: Tho' with e- 
qual Candles there is always moſt elaſtick 
air deſtroycd in the largeſt veſſel, where the 
Candle burns longeſt. %%% a OR. 

I found alſo in fermenting liquors, that 
ceteris paribus, more air was either gene- 


rated or abſorbed in large, than in ſmall - 


_ veſſels, by generating or abſorbing mixtures. 
As inthe mixture of Aqua Regia and Anti- 
mony in Experiment 91. by enlarging the 
bulk of the air in the veſſel, a greater quan- 
tity of air was abſorbed. Thus alſo filings 
of Iron and Brimſtone, which in a more ca- 
pacious veſſel abſorbed 19 cubick inches 
of air, abſorbed very little when the bulk 
of air above the ingredients was but 3 or 
4 cubick inches: For I have often obſerved, 
that when any quantity of air is ſaturated 
with abſorbing vapours to a certain degree, 
5 then no more elaſtick air is abſorbed : Not- 
TY, | | Withſtanding 


HY 
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withſtanding the ſame quantity, of _ 


ing ſubſtances would, in a larger quantity 


of air, have abſorbed much moxe air; and 
this is the reaſon why I was never able to 


deſtroy the whole claſticity of any included 


bulk of air, whether it was en air, 
ar ae generated 1 


ExPERIMENT. vll. 7 
May 13, which was 2 very hot day, 1 


repeated Dr. Mayor's Experiment, to find 
how much air is abſorbed by the breath of 


Animals ineloſed in glaſſes, which he found 


wich a mouſe to be r part of the whole 
air in the glaſs veſſel, De Sp. Nitro agreo; 
2. 104. 

placed on the pedeſtal, under the inver- 
ted glaſs 2 E 4 @, (Fig. 35.) a full grown 


Rat. At firſt the water ſubſided a little, 


| Which was occaſioned by the rarifaction of 
the air, cauſcd by the heat of the animal's 


body. But after a few minutes the water be- | 
gan to riſe, and continued riſing as long 


s the Rat lived, which was about 14 hours. 

The bulk of the air in which the Rat 

lived ſo many hours was 2024 cubick inches; 

the quantity of elaſtick air which was ab- 

ſorbed Was 73 cubick inches, Above 7 T7 
o 


5 


SD anceacntdg rg uDE = 


. 


— if de oh. » 37 
of hs whole, nearly what was abſorbed 


by a Candle in the fatne * in n, 


ment 106. 
I placed at the ſame mme; in the ſame 


manner, another atmo half grown Rur 
under a veſſel, whoſe capacity above the 
ſurface of the water 2 , (Fig. 3 5.) wes but 


594 cubick inches, in which it lived 10 
hours; the quantity of elaſtick air which 


Was nen Mi equal to 45 cubick 


inches, big. , part of the whole air, 
which'the Rar breathed in: A Cat of three 


months old lived an hour in the ſame re- 
c ceiver, _ abſorbed 16 cubick- inches of air, 
| vis. > part of the whole; an allowance 


being made in this eſtimate for the bulk of 
the Cat's body. A candle in the ſame veſſel 


continued burning but one nn and ab- 
* ſorbed 54 <abick inches, r 


whole air. 5 
And as in the caſe of burnting: Brimflone 


and Candles, more air Was found to be ab- 
ſorbecl in large veſſels than in ſmall ones 
and vice verſa, more air in proportion to 
the capaeity of the veſſel was abſorbed in 
mall than in large veſlets, ſo the ſame holds 


true here too in the caſe of animals. 
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The following Experiment will ſhe w, 
that the elaſticity of the air is greatly de- 


ſtroyed by tlie n of Puman _ 


VIS... 


mad a bladder very ſupple by wetting 


- of it, and then cut off ſo much of the neck 


as would make a hole wide enough for the 


| biggeſt end of a large foſſet to enter, to 
which the bladder was bound faſt. The 
bladder and foſſet contained 74 cubick 
inches. Having blown up the bladder, I 


put the ſmall end of the foſſet into my 


mouth; and at the ſame time pinched my 


noſtrils cloſe that no air might paſs that 
way, ſo that I could only breath to and fro 
the air contained in the bladder. In leſs 


than half a minute I found a conſiderable 
difficulty in breathing, and was forced after 
that to fetch my breath very faſt; and at 


the end of the minute, the ſuffocating un- 


eaſineſs was ſo great that I was forced to 
take away the bladder from my mouth. 


Towards the end of the minute the blad- 


der was become ſo flaccid, that I could not 


5 blow it above half full with the greateſt 


expiration that I could make: And at the 
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ſame time I could plainly perceive that my 


lungs were much fallen, juſt in the ſame 


manner as when we breathe out of them 
all the air we can at once. Whence it is 
plain that a conſiderable quantity of the 
elaſticity of the air contained in my lungs, 
and in the bladder, was deſtroyed ; which 


ſuppoſing it to be 20 cubick inches, it will 
be. = part of the whole air, which I breath- 


ed to and fro; for the bladder contained 
74 cubick inches, and the lungs, by the 


following Experiment, about 166 cubick 


inches, in all 240. | 
| -- -Theſe- effects of reſpiration on the cha 
ſticity of the air, put me upon making an 
attempt to meaſure the inward ſurface of 


the lungs, which by a wonderful artifice 
are admirably contrived by the Divine Ar- 
tificer, ſo as to make their inward ſurface 


to be commenſurate to an expanſe of air 


many times greater than the animal's body; 


as will Ine; from the following eſtimate, 5 


US. i 
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1 took the lungs of a Calf and cut off 
the heart and wind- pipe an inch above its 
branching into the A E: got nearly the 

ſpecifick | 
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| ſpecifick gravity of the ſubſtance of the 
| lungs, (which is a continuation of the 
branchings of the wind-pipe, and blood- 


veſſels) by finding the ſpecifick gravity of 


the wind-pipe, which I had cut off; it was 
to Well-water as 1.05 to 1. And a cubick 


inch of water weighing 254 grains; 1 


thence found by weighing the lungs the 


Whole of their ſolid ſubſtance to be £qual 


1037 += cubick inches. 


1 then filled a large carthen veſſel brim : 
full of water, and put the lungs in, which 


I blew up, keeping them under water with 


a,pewter plate. Then taking the lungs out 


and letting the plate drop to the bottom of 
the water, I poured in a known quantity of 
water, till the veſſel was brimſul again; that 
Water was 7 pounds 6 ounces and , equal 
to 204 cubick inches; from which deduct- 
ing the ſpace occupied by the ſolid ſubſtance 
of the lungs, vis. 37 + + cubick inches, 
there remains 166 ++ cubick inches for 
the cavity of the lungs. But as the Pul- 
monary Veins, Arteries and Lymphaticks 
will, when they arc in a natural ſtate re- 
plete with blood. and lymph, occupy more 
{ſpace than they do in their preſent empty 
ſtate; therefore ſome allowance muſt al ſo 
Þ ; . be 
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be made, out of the above taken cavity of 
the lungs, for the bulk of thoſe fluids, 
for which 25 + + cubick inches ſeems to 


be a ſufficient proportion, out of the 166 
| +  cubick inches; ſo there remains 141 


cubick inches for the cavity of the lungs. 


1 poured as much water into the Bron- 
chiæ as they would take in, which was 1 


pound 8 ounces, equal to 41 cubick inches; 


this deducted from the above found cavity 
of the lungs, there remains 100 cubick 


inches for the ſum of the . of the 
veſicles. 


Upon viewing ſome of theſe veſicles wich | 
a microſcope, a middle ſized one feems to 


be about ++ part of an inch diameter; then 
the ſum of the ſurfaces in a cubick inch of 
theſe: ſmall veſicles (ſuppoſing them to be 
ſo many little cubes, for they are not ſphe- 
rical) will be 600 ſquare inches; for if the 
number of the diviſions of the fide of the 
cubick inch be 100, there will be 100 
planes, containing each one ſquare inch, in 


each dimenſion of the cube, which having 


three dimenſions, the ſum of thoſe planes 
will be zoo ſquare inches, and the ſum of 
the ſurfaces of each ſide of thoſe planes 


will be 600 ſquare inches; which multiplied | 
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by the ſum of all the veſicles in the lungs, 


Viz. 100 cubick inches, will produce 60000 
ſquare inches; one third of which muſt be 


deducted, to make an allowance for the ab- 


ſence of two ſides in each little veſicular I 
cube, that there might be a free communi- | 
| cation among them for the air to paſs to 
and fro; ſo there remains 40000 ſquars 


inches for the ſum of the ſurface of all the 


veſicles. 


And the Bronchie containing 41 cubick 


the ſum of the ſurface of the whole lungs 
to be 41635 ſquare inches, or 289 ſquare 
feet, which is equal to 10 times the ſurface 


of a man's body, which at a medium is 


* to be equal to 1 s ſquare feet. 


I have not had an opportunity to take in 


Ml, ae ſame manner the capacity and dimen: 


TJ of human lungs; the bulk of which 
Dr. James Keill, in his Tentamina Medico- 


\ 2 ca, p. 80. found to be equal to 226 cu. 


bick inches. Whence he eſtimated the ſum 
of the ſurface of the veſicles to be 21906 


ſquare inches. But the bulk of human 


lungs 


- 


inches, ſuppoſing them at a medium to be 
_ cylinders of * of an inch diameter, their 

ſurface will be 1635 ſquare inches, which | 
added to the ſurface of the veſicles makes 
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lungs is much more capacious than 226 cu- 
bick inches; for Dr. Jurin, by an accurate 
Experiment, found that he breathed out, 
At one large expiration, 220 cubick inches 
of air; and I found it nearly the ſame, 
when I repeated the like Experiment in an- 


other manner : So that there muſt be a large 
allowance made for the bulk of the re- 


| maining air, which could not be expired 


from the lungs; and alfo for the ſubſtance 


- 
> ah 
3 
6 | of the lun 5 
8 f . 0 


Suppoſing then, that according to Dr. Ju 
rin s eſtimate (in Mott's Abridgment of the 


Philoſophical Tranſact. Vol. I. p. 415.) we 
draw in at each common inſpiration 40 cu- 
bick inches of air, that will be 48600 cu- 
bicxk inches in an hour, at the rate of 20 in- 
nz ſpitations in a minute. A conſiderable part 
of the elaſticity of which air is, we ſee by 


the foregoing Experiment, conſtantly de- 


ſtroyed, and that chiefly among the veſicles, 
where it is charged with much vapour. 


But it is not eaſy to determine how much 
is deſtroyed; I attempted to find it out by 
the following Experiment, which I ſhall here 
give an account of, tho it did not ſucceed. 


fo well as I could have wiſhed, for want of 
much larger veſſels; for if it was repeated 


8 R 2 — With 
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with more capacious veſſels, it would deter- 
mine the matter pretty accurately becauſe 


by this artifice freſh air is drawn into the 


lungs at every inſpiration, a5 well as in the 
free PA air. 


EXPERIMENT. cx. 
I made uſe of the ſyphon (Fig. 39.) tak- 


ing away the bladders, and diaphragms 1 
27,0: I fixed by means of a bladder one 
end of a ſhort leaden ſyphon to the lateral 
foſſet i:. Then I faſtened the large ſyphon 
in a veſſel, and filled it with water, till it 
roſe Within two inches of 4, and covered 
the other open end of the ſhort ſyphon, 
which was depreſſed for that purpoſe. Over 
this orifice I placed a large inverted chymi- 

| cal receiver full of water; and over the o- 
ther leg 0,S of the great ſyphon, I whelmed 
another large empty receiver, whoſe capa- 
city Was equal to 1224 cubick inches; 3 n 
mouth of the receiver being immerſed in 
the Water, and gradually let down lower 
and lower by an aſliſtant, as the water a- 

ſcended in it. Then ſtopping my noſtrils, 
I drew in breath at 4, thro! the ſyphon from 
the empty receiver: And when that breath 


WAS. expired, the valve & ĩ ſtopping its return 


„ down 


. 
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the valve v, and thence eg the avail . 
leaden ſyphon into the inverted receiver 


full of water, which water deſcetided as 


che breath aſcended. In this matitier I drew 
all the air, except 5 or 6 cabick inches, out 
of the empty receiver at o, the water at 
the ſame time aſcending into it and filling 
it; by which means all the air in the empty 
receiver, as alfo all the air in the ſyphon 
95 b, was inſpired into my lungs, and breath- 
ed out thto' the valve r into the receiver, 
which was at firſt full of water. I marked 
the boundary of air and water, and then 
immerſed the whole receiver, which had 
the breath in it, under water, and there 
gradually poured the cohtained breath up 
into the other full receiver, which ſtood = 
inverted over 6 5; whereby I could readily - 


find whether the air had loſt any of its elaſ- 
ticity: And for greater ſurety, I alſo mea- 
ſured the bulk of breath by filling the re- 
ceiver with a known quantity of water up 


to the above mentioned mark; making alſo 
due allowance for a bulk of air, chat) W: - 
the capacity of the large ſyphon 0 56, which | 


was at laſt ſucked ful of water. 


R 15 ” The 
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The event was,. that there was 18 cubick 


inches of air wanting; but as theſe reccivers 
yere much too ſmall to make the Experi- 
ment with accuracy ; that ſome allowance 
; may be made for crrors, I will ſet the loſs 
of claſtick air at 9 cubick inches, which is 
but = part of the whole air reſpired, which 

a will amount to 353 cubiek inches in one 
hour, or 100 grains, at the rate of 48000 
cubick inches inſpired in an hour, or one. 
ounce and a half in 24 hours. 


By pouring the like quantity of air to and 
fro under water, I found that little or none 


of i it was loſt; ſo i it was not abſorbed by the 


water: To make this trial accurately, the 
air muſt be detained ſome time under water, 


to bring it firſt to the ſame temperature with 


the water, Care alſo muſt be taken in mak- 


ing this Experiment, that the lung be in the 


ſame degree of contraction at the laſt breath- 


Ing, as at the firſt, elſe a conſiderable error 


may ariſe from thence. 

But tho this be not an exact eſtimate, yet 
it is evident from the foregoing Experiments 
on reſpiration, that ſome of the elaſticity of 
the air which is inſpired is deſtroyed; and 
that chiefly among the veſicles, where it is 
moſt loaded with vapours; whence probably 
| =: - | ' ſoms 
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ſome of it, together with the acid ſpirits, 


with which the air abounds, are conveyed 
to the blood, which we ſec is by an admi- 
rable contrivance there ſpread into a vaſt 
expanſe, commenſurate to a very large ſur- 
face of air, from which it is parted by very 


tin partitions; ſo very thin, as thereby 


probably to admit the blood and air particles 


(which are there continually changing from 


an claſtick to a ſtrongly attracting ſtate). 


within the reach of each other's attraction, 


whereby a continued ſucceſſion of freſh air 


may be abſorbed. by the blood. 


And in the analyſis of the blood, either 
by fire or fermentation in Exper. 49, and 80, 
we find good plenty of particles ready to re- 
ſume the elaſtick quality of air: But whe- 
ther any of theſe air particles enter the 
blood by the lungs, is not eaſy to deter- 
mine; becauſe there is certainly great ſtore 
of air in the food of animals, whether it be 
vegetable or animal food. Yet when we 
conſider how much air continually loſes its 


elaſticity in the lungs, which ſeem purpoſely 
framed into innumerable minute meanders, _ 


that they may thereby the better ſeize and 
bind that volatile Hermes: It makes it very 


RA that thoſe particles Which are 


R 4 now 
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now changed from an elaſtick, repulſive, 
to a ſtrongly attracting ſtate, may caſily be 
attracted thro the thin partition of the ve- 
* ſicles, by the ſulphureous particles which a- 


bound! in the blood. 
And nature ſeems to make uſe of the like 


artifices in vegetables, where we find that 
air is freely drawn in; not only with the 
principal fund of nouriſhment at the root, 
but alſo thro' ſeveral parts of the body of 1 


the vegetable above ground, which air was 


ſeen to aſcend in an elaſtick ſtate moſt freely 
and viſibly thro the larger tracheæ of the 


Vine; and is thence doubtleſs carried with 


the ſap into minuter veſſels, where being 
intimately united with the ſulphureous, ſa- 
line and other particles, it forms the nutri- 
tive ductile matter, out of which all the 


parts of vegetables do grow. 


Karins CXI, 


It is plain from theſe effects of the fames 


of burning Brimſtone, lighted Candle, and 
the breath of Animals on the elaſticity of 


the air, that its claſticity in the veſicles of 


the lungs muſt be continually decreaſing, 


by rcaſon of the vapours it is there loaded 


withz ſo chat thoſc 3 would in a little 


time 


ve, 


frequently repleniſhed with freſh elaſtick 


alt at every inſpiration, thro' which the in- 
ferior heated vapour and air aſcends, and 
leaves room for the freſh air to deſcend in- 

to the veſicles, where the heat of the lungs. 
W make it expand about + part; which degree 
of expanſion of a temperate air, I found by 
TS inverting a ſmall gla bubble in water, a 


little warmer than a Thermometer is, by hav- 
ing its ball held ſome time in the mouth, 


WM which may reaſonably be taken for the de- 
gree of warmth in the cavity of the lungs. 
When the bubble was cool, the ry of 
5 water imbibed by it was equal to + of the 
1 cavity of the whole bubble. 
But when inſtead of theſe frequent re- 
cruits of freſh air, there is inſpired an air, 
ſurcharged with acid fumes and vapours, 
: | which not only by their acidity contract the 
exquiſitely ſenfible veſicles, but alſo by their 


groffneſs much retard the free ingreſs of the 
air into the veſicles, many of which are ex- 


| ceeding ſmall, ſo as not to be viſible with. 


out a microſcope ; which fumes are alſo 


© continually rebating the elaſticity of that 
| air; then the air in the veſicles will, by Ex- 
. per. 107, and 108, loſe its elaſticity very 

Tk 
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fat, and conſequently the veſicles will fall 


flat, notwithſtanding the endeavours of the 
extending Thorax to dilate them as uſual; 


whereby the motion of the blood through 
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the lungs being ee inſane n en- 
ſues. 

Which ſudden and fatal effect of theſe 
noxious vapours, has hitherto been ſuppoſed 
to be wholly owing to the loſs and waſte of 
the vivifying ſpirit of air; but may not 
_ unreaſonably be alſo attributed to the loſs 
of a conſiderable part of the air's elaſticity, 
and the groſſneſs and denſity of the vapours, 
which the air is charged with; for mutu- 
ally attracting particles, when floating in ſo 
thin a medium as the air, will readily coa- 
leſce into groſſer combinations: Which ef- 
fect of theſe vapours, having not been duly 

obſerved before, it was concluded, that 

they did not affect the air's elaſticity; and 
that conſequently the lungs muſt needs be 

as much dilated in . ** this, as by 
a a clear air. 
But that the lungs will not rife and di- 
late as uſual, when they draw in ſuch noxi- 
ous air, which decreaſes faſt in its elaſticity, 
I was aſſured by the Experiment I made on 
z my £ ſelf, in Exper. 108. for when towards 
the 
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the latter end of the minute, the ſuffocating 
quality of the air in the bladder was greateſt, 


it was with much difficulty that I could di- 
late my lungs a very little. 


From this property in the vapours aiſing : 
from animal bodies, to rebate ànd deſtroy = 


| part of the elaſticity of the air, a probable _ 
account may be given of what becomes of 


a redundant quantity of air, which may at 
any time have gotten into the cavity df 
the Thorax, cither by a wound, or by 
ſome defect in the ſubſtance of the lungs, 
or by very violent exerciſe. Which if it 
was to continue always in that expanded 


ſtate, would very much incommode reſpi- 
ration, by hindering the dilatation of the 


lungs in inſpiration. But if the vapours, 
which do continually ariſe in the cavity of 


the Thorax, deſtroy ſome part of the claſ- 
ticity of the air, then there will be room 

for the lungs to heave: And probably, it 
is in the ſame manner that the winds arc 


reſorbed, which in their elaſtick ſtate fly 
from one part of the body or limbs to an- 


other, cauſing by their diſtention of the : 
een much pain, f 


A 
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1 have by the following Experiment 


found, that the air will paſs here and there 


thro the ſubſtance of the jungs, with a ve- 
ry ſmall force, vis; LO 


I cut aſunder the bodies of Krell young 
and (mall animals juſt below the Diaphragm, 
and then taking care not to cut any veſſel 
belonging to the lungs, I laid the Thorax 
open by taking away the Diaphragm, and 
ſo much of the ribs; as was ncedful to ex- 

poſe the lungs to full view, when blown 
up. And having cut off the head, I faſtned 


the windpipe to a very ſhort inverted leg of 


a glaſs ſyphon ; and then placed the invert- 
ed lungs and ſyphon in a large and deep 
_ glaſs veſſel x full of water, (Fig. 32.) under 


the air pump recciver pp, and paſſing the 


longer leg of the ſyphon'thro' the top of the 


receiver, where it was cemented faſt at æ, 


as I drew the air out of the receiver, the 
lungs dilated, having a free communica- 


tion with the outward air, by means of the 
glaſs ſyphon; ſome of which air would 
here and there paſs in a few places thro. 


the ſubſtance of the lungs, and riſc in ſmall 
Rroams thro' the water, when the receiver 


— —è — —— — — 


Was 
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When I exhauſted the receives, fo as to raiſe 
the Mercury 7 or 8 inches, though it mage 
the air ruſh, with much more violence thro 


but were originally. in the live animal; and 
that the lungs of living animals are ſome- 


in violent exerciſe, I found by the alle 
ing Experiment, US, | 


ExPERIMENT OX 


I tied down a live Dog on his back; 
near the edge of a table, and then made a 


mented / faſt into this hole the incurvated 
end of a glaſs tube, whoſe orifice was co- 


the dilatation of the lungs might not at 
once ſtop the orifice of the tube. A ſmall 
vial a of _ of Vine was tied to the 
porto 


was exhauſted no more than t0 vic the 
Mercury in the gage rife leg than 2 inches 


thoſe ſmall apertures in the ſurface of the 
lungs, yet I did got perceive that the num- 
ber of thoſe apertures was increaſed, or at 
leaſt very lictle, An argument that thoſe 
| apertures were not forcibly made by ex- 
hauſting the receiver leſs than two inches, 


times raiſed with the like force, eſpecially 


| ſmall hole thro' the intercoſtal muſcles in- 
to his Thorax, near the Diaphragm. I ce- 


— 
1 
. 


vered with a little cap full of holes, that 
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bottom of the perpendicular tube, by whicl; 
means the tube and vial could caſily yield 
to the motion of the Dog's body, without 
danger of breaking the tube, which was 36 
inches long. The event was, that in ordi- 
nary inſpirations, the ſpirit roſe abour fix 
inches in the tube; but in great and labo- 
rious inſpirations, it would riſe 24 and 30 
inches, vis. when I ſtopped the Dog's noſ. 
trils and mouth, ſo that he could not 
breathe: This Experiment ſhews the force 
with which the lungs are raiſed by the di. 
latation of the Thorax, cither in ordinary 
or extraordinary and laborious inſpirations. 
When I blew air with ſome force into the 
Thorax, the Dog was juſt ready to expire. 
By means of another ſhort tube, which 
had a communication with that which was 
| fixed to the Thorax, near its inſertion into 
the Thorax, I could draw the air out of the 
| Thorax, the height of the Mercury, inſtead 
of ſpirit in the tube, ſhewing to what de- 
gree the Thorax was exhauſted of air: The 
Mercury was hereby raiſed nine inches, 
which would gradually ſubſide as the air got 
into the Thorax thro' the lungs. 
I then laid bare the windpipe, and hav- 
ing cut it off a little below the Larynx, I 
4 : - affixed 
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affixed to it a bladder full of air, and then 


continued ſucking air out of the Thorax, 
with a force ſufficient to keep the lungs 
pretty much dilated. As the Mercury ſub 


ſided in the gage, I repeated the ſuction for 


a quarter of an hour, till a good part of the 
air in the bladder was either drawn thro' 
the ſubſtance of the lungs into the Thorax, 


or had loſt its elaſticity, When I preſſed 
the bladder, the Mercury ſubſided the faſter; 


the Dog was all the while alive, and would 
probably have lived much longer, if the Ex- 
periment had been continued; as is likely 
from the following Experiment, VIS. 


ExXPERIMENT CXIV. 


I tied a middle-ſized Dog down alive on 
a table, and having laid bare his wind-pipe, 


Il ut it aſunder juſt below the Larynx, and 


fixed faſt to it the ſmall end of a common 


foſſet; the other end of the foſſet had a 


large bladder tied to it, which contained 
162 cubick inches; and to the other end of 


the bladder was tied the great end of an- 


other foſſet, whoſe orifice was covered with 


a valve, which opened inward, ſo as to ad- 


mit any air that was blown into the blad- 
der, but none could return that way; yet 


. . for 


2 5 « aby of the a. 


for further ſecurity, that paſſage was alſo 
ſtopped with a iesern. 
As ſoon as the firſt foſſet was tied faſt to 
the wind-pipe, the bladder was blown full of 
air thro the other foſſet; when the Dog had 
breathed the air in the bladder to and fro 
for a minute or two, he then breathed very 
faſt, and ſhewed great uncaſinels, as being 
almoſt ſuffocated. 
Ihen with my hand I preſſed the blad- 
der hard, ſo as to drive the air into his lungs 
with ſome force; and thereby make his Ab. 
domen riſe by the preſſure of the Diaphragm, 
as in natural breathings : Then taking alter- 
nately my hand off the bladder, the lungs 
with the Abdomen ſubſided; I continued in 
this manner to make the Dog breathe for 
an hour; during which time I was obliged 
to blow freſn air into the bladder every five 
minutes, three: parts in four of that air be- 
ing either abſorbed by the vapours of the 
lungs, or eſcaping thro the ligatures, Mm 
my preſling hard on the bladder. | 
. this hour, the Dog was frequently | 
near expiring, whenever I preſſed the air 
but weakly into his lungs, as 1 found by 
his pulſe, which was very plain to be felt 
8. the Sreat crural hn near the groin, 
1 Which | 
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which place an aſſiſtant held his finger on 
moſt part of the time; but the languid pulſe 
was quickly accelerated, ſo as to beat faſt; 
ſoon after I dilated the lungs much, by 
preſſing hard upon the bladder, eſpecially 
when the motion of the lungs was promoted 
by preſſing alternately the Ahaomen and the 


| bladder, whereby both the contraction and 


dilatation of the lungs was increaſed. 
And J could by this means rouſe the lan- 
guid pulſe whenever I plcaſed, not only at 
the end of every 5 minutes, when more air 
was blown into the bladder from a man's 
| lungs, but alſo towards the end of the 5 
minutes, when the air was fulleſt of fumes. 
At the end of the hour, I intended to try 
whether I could by the ſame means have 
kept the Dog alive ſome time longer, when 
the bladdet was filled with the fumes of burn- 
ing Bri 2: But being obliged to ceaſe 
for a little time from preſſing the air into 
his lungs, while matters were preparing for 
this additional Experiment, in the mean time 
the Dog died, which might otherwiſe have 
lived longer, if I had continued to force the 
air into his lungs. 
Now, tho' this Experiment was ſo fre- 
* diſturbed, by being obliged to blow 
8 more 
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more air into the bladder twelve times du- 
ring the hour; yet ſince he was almoſt ſuf- 
focated in leſs than two minutes, by breath- 
ing of himſelf to and fro the firſt air in the 
bladder, he would by Experiment 106. on 
Candles, have died in leſs than two minutes, 
when one fourth of the old air remained 
in the bladder, immediately to taint the 
new admitted air from a man's lungs; ſo 
that his continuing to live thro' the whole 
hour, muſt be owing to the forcible dilata- 
tion of the lungs, by compreſſing the blad- 

der, and not to the vivifying ſpirit of air. 
For without that forcible dilatation, he had, 
after the firſt 5 or 10 minutes, been certainly 
dead in leſs than a minute, when his pulſe. 
was ſo very low and weak, which I did not 
find to be revived barely by blowing 3 
parts in 4 of new air from the lungs of a 
man into the bladder : But it was conſtant- 
ly rouſedand quickned, whenever I increaſed 
the dilatations of the lungs, by compreſſin 

the bladder more vigorouſly; and that whe⸗ 
ther it was at the beginning or end of each 
5 minutes, yet it was more eaſily quickned, 
when the bladder was at any time newly 
filled, than when it was near empty. 
7 


From 


"TRIS theſe violent and fatal effects of 


very noxious vapours on the reſpiration and 


life of animals, we may ſee how the reſpi- 


ration is proportionably incommoded, when 
the air is loaded with leſſer degrees of va- 
pours, which vapours do in ſome meaſure 
clog and lower the air's elaſticity; which it 


beſt regains by having theſe vapours diſ- 


pelled by the ventilating motion of the 


free open air, which is rendered wholeſome 
by the agitation of winds: Thus what we 


call a cloſe warm air, ſuch as has been long 
confined in a room, without having the va- 


pours in it carried. off by communicating 
with the open air, is apt to give us more 


or leſs uneaſineſs, in proportion to the quan- 
tity of vapours which are floating in it. 
For which reaſon the German ſtoves, which 
heat the air in a room without a free 
admittance of freſh air to carry off the va- 


pours that are raiſed, as alſo the modern 


invention to convey heated air into rooms 


thro' hot flues, ſeem not ſo well contrived, 


to favour a free reſpiration, as our common 
method of fires in open chimneys, which 


fires are continually carrying a large ſtream 
of heated air out of the rooms up the chim- 


ney, which ſircam muſt neceſlarily be ſup- 


3 plied 


- Analyſe of the Arr. 259 


AR 
be * * 


1 


bs LH 
. 
20. 


. 3 


e 1. 8 
Nr 
n I . 
N Fw 


7 
| 


_ n a 
e #21 aaa 20 ms #45 
— - | n 
= 50 . Ty ” 
| ee 
2 2 — 1 * of ee 


260 . halyh 5 of ws Ar. 


plied with equal quantities of freſh air, 
thro” the doors and windows, or the cranies 
of them. 


And thus many of thoſe who have weak 
lungs, but can breathe well enough in the 


bed country ai, are greatly incommoded 
in their breathing, when they come into 


large cities where the air is full of fuliginous 
vapours, ariſing from innumerable coal fires, - 


and ſtenches from filthy lay-ſtalls and ſewers : 


And even the moſt robuſt and healthy in 


_ changing from a city to a country air, find 
an cxhilarating pleaſure, ariſing from a more 


free and kindly inſpiration, whereby the 
| lungs being leſs loaded with condenſing air 
and vapours, and thereby the veſicles more 


dilated, with a clearer and more elaſtick air, 
a freer courſe is thereby given to the blood, 
and probably a purer air mixed with it; and 
this is one reaſon why in the country a ſe- 


rene dry conſtitution of the air is more ex- 


hilarating than a moiſt thick air. 


And for the ſame reaſon, tis no wonder, 
that peſtilential, and other noxious epide- 


mical infections are conveyed by the breath 


to the blood (when we conſider what great 


quantities of the airy vehicle loſes its 
claſticity among the veſieles, whereby the 


Cd hun, pes . 


When I reflect on the great quantities 
of elaſtick air, which are deſtroyed by ſal- 
phureous fumes; it ſeems to me not impro- 


bable, that when an animal is killed by light- 
ning without any viſible wound, or imme- 
diate ſtroke, that it may be done by the 
air's elaſticity, being inſtantly deſtroyed by | 


"the ſulphureous lightning near the animal, 


whereby the lungs. will fall flat, and cauſe 


ſudden death; which is further confirmed 
by the flatneſs of the lungs of animals thus 
killed by lightning, their veſicles being found 


upon diſſection to be fallen flat, and to have 

no air in them: The burſting alſo of glaſs 
windows outwards, ſeems to be from the 

ſame effect of lightning on the air's elaſ- 


ticity. 


+I. 8 likewiſe by deſtroying the air's ; cla | 


ticity in fermented liquors, that lightning 
renders them flat and vapid : For ſince ſul- 


phureous ſteams held near or under veſſels 


will check redundant fermentation, as well 


as the putting of ſulphureous mixtures into 


the liquor, tis plain, thoſe ſteams can caſily 


penetrate the wood of the containing vel- 
ſels. No wonder then, that the more * 


tile lightning ſhould have the like effects. f 
8 3 know 
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infectious Miaſma is lodged in the lungs. 
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know not whether the common practice of 
laying a bar of iron on a veſſel, be a good 


preſervative againſt the ill effects of lightning 


on liquors. I ſhould think that the covering 


A veſſel with a large cloth dipped in a ſtrong 
brine, would be a better preſervative; 'for 
ſalts are known to be ſtrong attracters of 


ſulphur. _ 
The certain death which comes on the 


exploſion of Mines, ſcems to be effected in 
the ſame manner: For tho at firſt there is 


a great expanſion of the air, which muſt 
dilate the lungs, yet that air is no ſooner 
filled with fuliginous vapours, but a good 
deal of its elaſticity is immediately deſtroy'd : 


As in the caſe of burning Matches in Expe- 
riment 103. the heat of the flame at firſt ex- 


panded the air; but notwithſtanding the 


flame continued burning, it immediately 
contracted, and loſt much of its elaſticity, 


as ſoon as ſome quantity of N 
ſteams aſcended i in it. 5 
| Which ſteams have doubtleſs this ſame 


effect on the air, in the lungs of animals 


held over them; as in the Grotto di cani, 


or when a cloſe room is filled with them, 


where they certainly ſuffocate. 


int 


Aualyſis of the Air. 1ꝛ63 


Ir is found by Experiments 103, 106, and 
107, that an air greatly charged with va- 
pours loſes much of its elaſticity, which is 
the rcaſon why ſubterraneous damps ſuf- 
focate Animals, and extinguiſh the flame of 
Candles. And by Experiment 106, we ſee 
that the ſooner a Candle goes our, the faſt-. 
er the air loſes its dnnn | 


1 cxv. 


| This.put me upon attempting to find ſome 


means to qualify and rebate the deadly noxi- | 


ous quality of theſe vapours: And in order 


to it, I put thro' the hole, in the top of the 
air pump receiver, (Fig. 32.) which con- 
tained two quarts, one leg of an iron ſyphon 
made of a gun- barrel, which reached near 
to the bottom of the receiver: It was ce- 


mented faſt at >, I tied three folds of woollen 
cloth over the orifice of the ſyphon, which 


was in the receiver. The Candle went out 
in leſs than two minutes, tho I continued 
pumping all the while, and the air paſſed fo - 
freely thro” the folds of cloth into the re- 


ceiver, that the Mercury i in the Sage did 
not riſe above an inch. 
When I put the other end of the ſyphon 
into a hot iron pot, with burning Brimſtone 
DE, % >> 
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- ti it; upon pumping, the Candle went out 
in 15 ſeconds of a minute; but when Irook 


away the 3 folds of cloth, and drew the 


ſulphureous ſteams thro* the open ſyphon, 
the light of the Candle was inſtantly extin- 
guiſhed; whence we ſee the; folds of cloth 
preſerved the Candle alight 13“. And where 


the deadly quality of vapours in Mines is 


not ſo ſtrong as theſe ſulphureous ones were, 
the drawing the breath thro' many folds of 


woollen cloth may be a means to preſerve - 


life a little longer, in proportion to the 
more or leſs noxious quality of the damps. 
When, inſtead of the; folds of cloth, I 


immerſed the end of the ſyphon 3 inches 


deep in water in, the veſſel x, (Fig. 32.) tho 


EE: c upon pumping the ſulphureous fumes did 
aſcend viſibly through the water, yet the 


Candle continued burning half a minute, 
. e. double the time that it did when fumes 
paſſed thro* folds of woollen cloth, 


EXPERIMENT CXVI. 
bored a hole in the ſide of a large wooden 
foſſet 4 C, (Fig. 39.) and glewed into it the 
great end of another foſſet ii, covering the 


orifice with a bladder valve y : Then I fit- 


ted a valve 61 1 to the orifice of the iron 
yon 


1 


out 
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| ſyphon F/ fixing the end of the ſyphon 


faſt at 6 into the foſſet 2 b: Then by means 
of narrow hoops I placed four 'Diaphragms 


| of flannel at half an inchdiſtance from cach 
Other, into the broad rim of a fieve, which 


was about 7 inches diameter. The fieve 
was fixed to, and had a free communication 
with both orifices of the ſyphon, by means 
of two large bladders iin n0. | 
Linen would probably be more proper 


to make theſe Diaphragms of than Flannel, 
| becauſe oil or greaſe is uſed in the making 


of Flannel: And as I have heard, it is whi- 
tened by the fumes of burning Br:mfone ; 


which I was not aware of, when I made uſe 


of Flannel in theſe Experiments. 

The inſtrument being thus prepared, 
pinching my noſtrils cloſe, when I drew in 
breath with my mouth at 4, the valve # 6 


being thereby lifted up, the air paſſed free- 


ly through the ſyphon from the bladders, 


which then ſubſided, and ſhrunk confider- 
ably : But when I breathed air our of my 


lungs, then the valve #6 cloſing the orifice 
of the ſyphon, the air paſſed thro the valve 
r into the bladders, and thereby dilated 


them; by which artifice the air which Iex- 
pired mult neceſſarily paſs thro' all the Dia 


* 


266 " ini File , 
phragms, before it could be inſpired into“ * 
my lungs again. The whole capacity of the 
bladders and ſyphon was 4 or 5 quarts. 

Common ſea-ſalt, and al Ta artar, being 

ſtrong imbibers of ſulphureous ſteams, I 
dipped the four Diaphragms i in ſtrong ſolu- 
tions of thoſe ſalts, as alſo in white wine 
vinegar, which is looked upon as a good 

anti- peſtilential: Taking care after each of 
theſe Experiments to cleanſe the ſy phon and 
bladder well from the foul air, by Kung 
them with water. 
I could breathe too and fro ihe air incloſed 
in this inſtrument for a minute and half, 
when there were no Diaphragms in it; 
when the 4 Diaphragms were dipped in vi- 
negar, 3 minutes; when dipped in a ſtrong 
ſolution of ſea-ſalt, 3 minutes and an half. 
In a Lixivium of Cal Tartar, 3 minutes; 
when the Diaphragms were dipped in the 
like Lixivium, and then well dried, 5 mi- 
nutes; and once 8 ++ minutes, with very 
highly calcined Sal Tartar; but whether 
this was owing to the Tartar's being greatly 
calcined, whereby it might more ſtrongly 
attract ſulphureous groſs vapours, or whe- 
ther it was owing to the bladder and ſy- 
moon: 8 Wins ing dry, or whether it was 
Occa- 
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N 


occaſioned by ſome unheeded paſſage for the 


air thro the ligatures, I am uncertain; nei- 
ther did I care to aſcertain the matter by - 
repeated Experiments, fearing I might there- hs 


by ſome way injure my lungs, by frequent- 
ly breathing in ſuch groſs vapours. 
Hence Sal Tartar ſhould be the beſt pre- 


ſervative againſt noxious vapours, as being a 
very ſtrong imbiber of ſulphureous, acid and 


watry vapours, as is ſca-falt alſo : For ha- 


ing carefully weighed the 4 Diaphragms, 
before I fixd them in the inſtrument, 4 


found that they had increaſed in weight 30 
grains in 5 minutes; and it was the ſame 
in two different trials; ſo they increaſed in 
weight at the rate of 19 ounces in 24 hours. 
rrom which deducting + part for the quan- 
tity of moiſture, which I found thoſe Dia- 
Phragms attracted in 5 minutes in the open 
air; there remains 15 Kg ounces, for the 
weight of the moiſture from the breath in 
24 hours: But this is probably too great an 


allowance, conſidering that the Diaphragms 


might attract more than 4 part from the 


moiſture of the bladders and of the * 


phon. 
I have found. that when the Diathraghis 


had ſome ſmall degree of dampneſs, they 
Increaſed 
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| Increaſed in weight fix grains in 3 minutes; 

but they made no increaſe in weight in the 
| ſame time, when in the open air: which 


fx grains in 3 minutes, is at the rate of a- 


bout 6 + + ounces in 24 hours; and this 
zs nearly the ſame proportion of moiſture 
that I obtained by breathing into a large 


receiver full of ſpunges. But the 6 grains 


imbibed by the four Diaphragms in 3 mi 
nutes, was not near all the vapours which 


were in that bulk of inclaſed air; for at 
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the end of the 3 minutes, the often reſpi- 
xed air was ſo loaded with yapours, which 
in that floating ſtate were eaſily, by their 
mutual attraction, formed into combinati- 
ons of particles, too groſs to enter the mi- 
nute veſicles of the lungs, and was therefore 
unfit for reſpiration; ſo that it is not eaſy 
to determine what proportion is carried off 
by reſpiration, eſpecially conſidering that 


ſome of the jnſpired air, which has loſt its 
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Elaſticity in the lungs, is mingled with it. 


| But ſyppoſing 6 +4 Qunces to be the quan- 


tity of maiſture carried off by reſpiration 
in 24 hours, then the ſurface of the lungs 
being found as above 41635 ſquare inches 
only vun part of an inch depth, will be 


d off their inurd ſurface in that 
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time, which is but Ir part of the depth of 
what is perſpired off the ſurface of a mans 
body in that time. 
If then life can by chi" means be - fa 
ported for 5 minutes with 4 Dzaphragms 
and a gallon of air, then doubtleſs, with 
double that quantity of air and s Diaphragms 
we might well expect to live at leaſt 10 
minutes. It was a conſiderable diſadvantage 
| chat 1 was obliged to make uſe. of bladders, 
| which had been often wetted and dried, ſo 
that the unſavoury fumes from them muſt. 
needs have contributed much to the unfitting 
the included air for reſpiration: Vet there 
is a neceſſity for making uſe of either blad- 
der or leather in theſe caſes; for we can- 
not breathe to and fro the air of a veſſel, 


whoſe ſides will not dilate and contrat in 


conformity with the expirations and inſpi- 


rations, unleſs the veſſel be very large, and : 


too big to be convenicntly portable. 
Having ſtopped up the wide ſucking ori- 
fice of a large pair of kitchen bellows, they 
being firſt dilated, I could breathe too and 
fro at their nofe, the air contained in them 


for more than 3 minutes, without much in- 


convenience, they heaving and falling very 
caſij by che action of reſpiration, Some ſuch 
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* like inſtrument might be of uſe in any caſe 


where a room was filled with ſuffocating va- 
pours, where it might be neceſſary to enter 


Analyſis of be 4 wr. 


for a few minutes, in order to remove the 


alſo be ſcrviccable to Divers? ; 


But in every apparatus of this kind great 
care muſt always be taken, that the inſpira- 
tion be as free as poſſible, by making large 
paſſages and valves to play moſt caſily. For 
tho a man by a peculiar action of his mouth 


© cauſe of them, or to fetch any perſon or 
thing out; as in the caſe when houſes are 
firſt beginning to fire, in the chymiſts ela- 
boratories; and in many other caſes where 
places were filled with noxious deadly va- 
pours, as in the caſe of ſtink-pots thrown 
into ſhips, in mines, c. And might it not 


and tongue may ſuck Mercury 22 inches, 
and ſome men 27 or 28 high; yet I have 


found by experience, that by the bare in- 
ſpiring action of the Diaphragm, and di- 
lating Thorax, I could ſcarcely raiſe the 


Mercury 2 inches. At which time the Dia- 


phragm muſt act with a force equal to the 
weight of a Cylinder of Mercury, whoſe baſe 
is commenſurate to the area of the Dia- 
phragm, and its height 2 inches, whereby the 
Viaphragmm mult at that time ſuſtain a 


weight 
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weight equal to many pounds, Neither are 


its counter-afting muſcles, thoſe of the Ab- 
_ domen, able to exert a greater force. 


For notwithſtanding a man, by ſtrongly 


compreſſing a quantity of air included in his 
mouth, may raiſe a column of Mercury in 


an inverted ſyphon, to 5 or 7 inches height, 


yet he cannot with his utmoſt trainings 


raiſe it above 2 inches, by the contracting 
force of the muſcles of the Abdomen; 
whence we ſee that our loudeſt vociferations 


are made with a force of air no greater than 
this. So that any ſmall impediment in 
breathing will haſten the ſuffocation, which 


conſiſts chiefly in the falling flat of the 


lungs, occaſioned by the groſſneſs of the 


particles of a thick noxious air, they being 
in that floating ſtate moſt eaſily attracted by 
each other: As we find in the foregoing 
experiments that ſulphur and the elaſticx 


repelling particles of air do: And conſe- 


quently unclaſtick, ſulphureous, ſaline and 
other floating particles will moſt eaſily. 


coaleſce, whereby they are rendred too groſs 
to enter the minute veſicles ; which are alſo 


much contracted, as well by the loſs of the 
claſticity of the contained air, as by the con- 
tration occaſioned by the ſtimulating, acid, 
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| ſulphureous vapours. And tis not impro- 
bable that one great deſign of nature, in the 
ſtructure of this important and wonderful 


viſcus was to frame its veſicles ſo very mi- 


nute, thereby effectually to hinder the ingreſs 


of groſs feculent particles, which might be 
injurious to the animal oeconomy. | 
This quality of ſalts ſtrongly to attract 


ſulphureous, acid and other noxious particles, 

might make them very beneficial to man- 
kind in many other reſpects. Thus in ſe— 
veral unwholeſome trades, as the ſmelters 
of metals, the ceruſs-makers, the plumbers, 


Ec. it might not unlikely be of good ſervice 
to them in preſetving them in ſome meaſure 


at leaſt, from the noxious fumes of the ma- 


terials they deal in, which by many of the 


foregoing experiments we are aſſured muſt 
needs coaleſce with the elaſtick air in the 
lungs, and be lodged there; to prevent 


which inconvenience the workmen might, 


while they are at work, make uſe of pretty 


broad mufflers, filled with 2, 4, or more 


| Diaphragms of flannel or cloth dipped in 
a ſolution of Sal Tartar or Pot-afh, or Sea 
Salt and then dried. 


The like mufflers might alſo be of ſervice 
in many caſes where PN may have urgent 


3 occaſion 
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occaſion to go for a ſhort time into an in- 


fectious air: Which mufflers might, by an 


_ ealy contrivance, be ſo made as to draw 
in breath thro' the Diaphragms, and to 
breathe it out by another vent, 


In theſe ang the like caſes this kind of 
mufflers may be very ſerviceable ; but in 
the caſe of the damps of mines they are by 


no means to be depended on, becauſe they 


are not a ſufficient ſcreen from ſo very 


noxious vapours. 


EXPERIMENT CXVIL 


We have from the following Experiment | 


a good hint, to make theſe Salts of ſervice 
to us in ſome other reſpects, &c. 


1 ſer a lighted Candle under a large re- 


cciver (Fig. 35.) which contained about 
4 gallons, it continued burning for 3 + 4 
minutes, in which time it had abſorbed about 
a quart of air, I then filled the receiver 
with freſh air, by pouring it full of water, 
and then emptying of it; when having wiped 


it dry, I lined all the inſide with a piece of 


flannel dipped in a lixivium of Sal Tartar, 


and then dryed ; the flannel was extended 


with little hoops made of pliant twigs. The 
Candi; continued burning under the recei- 
Yo; =—__= OT. 


ou - 
Bis 
Er 4 
T3, 
+} 
"i (4 
4 a 
1 
77 
2:48 
S«:1 
3 4109 
180 
++ 
i is 
* - 
7 * 
/\ 5 
1 


— 8 — AAA SI er 
—— " — 3 4 "a — n 5 
N — 5 —— — 81 * 4 W 4 


I. 2 E L 
” 4 ; N 72 . . — 9 48h 2 r 
& - 1265 oY LY es A &y L r <A 3 N 
0 8 We EIS TEL * 1 ? So y 2 8 
8 „„ T oe” reign e eee I FOES 8 ; 


— A 
ING P 5 ws 
o * 7 ad ALS ACT. 04 
ny . W 3 7. 5 
.. ⅛ͤͤ—lʃ3ZJ212 oo 


| Analyſis f the Arr. 


ver 3 prepared 3 += minutes, yet it ab- 


ſorbed but two thirds of the quantity of air 


which it abſorbed when there Was no Han- 


nel i in the receiver. | | 
The reaſon of which difference in the 


quantities of elaſtick air abſorbed, appears 


from Experiment 106. where leaſt air was 


always abſorbed in leaſt receivers, which was 
the preſent caſe: For the flannel lining, be- 
ſides the ſpace it took up, could not be ſo 
cloſely adapted, but that there was left a full 


third of the capacity of the receiver, between 
the lining and the receiver: So that the 
Candle burnt in a bulk of air leſs by one 
third than the whole capacity of the receiver; 
for which reaſon leſs air alſo was abſorbed. 

And we may further obſerve, that ſince 


the Candle continued burning as long in a 
quantity of air, equal but to two thirds of 
the receiver, as in the whole air of the re- 
ceiver; this muſt. be owing to the Sal Tartar 


in the flannel lining, which muſt needs have 


abſorbed one third: of the fuliginous vapours, 
| which aroſc from the burning candle. Hence 
we may not unreaſonably conclude, that the 
pernicious quality of noxious vapours in the 
air might, in many caſes, be much rebated 
and qualified by the — abſorbing power 
tor Salts. 88 Whether : 


Ur 


: Ae of the the. 275 
Whether Salts will have a good effect in 


all, or any of theſe caſes, experience will 
beſt inform us. There is certainly ſufficient 
ground, from many of the foregoing Experi- 


ments, to encourage us to make the tryal, 


and they may at leaſt be hints for further im- 


provements. 
We ſee that Candles and burning Brim 


fone do in a much greater degree deſtroy 
the elaſticity of the air, than the breath of 
Animals; becauſe their vapours are more 
plentiful, and abound more with acid ſul. 
phurcous particles, and are alſo leſs diluted 


with watry vapours, than the breath of Ani- 


mals is: In which alſo there are ſulphureous 
particles, tho' in leſſer degrees; for the ani. 


mal fluids, as well as ſolids, are ſtored with 
them: And therefore the Candle and Matches 
ceaſing to burn, ſoon after they are confined 


in a ſmall quantity of air, ſeems not to be 
owing to their having rendred that air effete, 


by having conſumed its vzvifying ſpirit ; but 


ſhould rather be owing to the great quantity 
of acid fuliginous vapours, with which that 


air is charged, which deſtroy a good deal of 


its elaſticity, and very much clog and retard 
the elaſtick motion of the remainder. 
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And the effect the half exhauſting of a 


receiver has upon the elaſticity of the re- 
mining half of the air, ſeems to be the rea- 
| ſon why the flame of a Candle does not | 
continue burning, till it has filled the recei- 
ver it ſtands in with fumes, but goes out 
| the quicker, the ſooner the air is drawn out 
to that degree; which ſeems therefore to be 
owing to this, that an air rarified to double 
its ſpace, will not expand ſo briskly with 
the warmth of flame, as a more condenſed 
air will do: And conſequently action and 


re- action being reciprocal, will not give ſo 


brisk a motion to the flame, which ſubſiſts 


by a conſtant ſucceſſion of freſh air, to ſup- 


pluy the place of the either abſorbed, or much 
dilated air, which is continually flying off. 


And the quicker the ſucceſſion of this freſh 


air is, by blowing, the more ; Vigorouſly docs 


a fire burn. 
I the continuance of the burning of the 


Candle be wholly owing to the vivifing 
ſpirit, then ſuppoſing in the caſe of a recei- 
ver, capacious enough for a Candle to burn 
a minute in it, that half the vivifying ſpirit 
be drawn out with half the air, in ten ſe- 
conds of time; then the Candle ſhould not 
go out at the end of thoſe 10 ſeconds, but 
4 . 
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burn 20 ſeconds more, which it does not; 
therefore the burning of the Candle is not 


wholly owing to the vivihh ing ſpirit, but 


to certain degrees of the air's elaſticity. 


When a wholly exhauſted receiver was by 


means of a burning glaſs firſt filled with the 


fumes of brown paper with Nirre, and then 


filled with freſh air, the nitrous paper upon 
applying the burning glaſs did freely deto- 


nize; and a Candle put into a like air, burnt _ 
for 28”; which in a freſh air, in the ſame 
receiver, burnt but 43“; but when the ſame. 


receiver with air in it, was filled full of 
fumes of detonized Nitre, and a Candle 
placed in that thick vapour, it went out 


| inſtantly, for a Candle will not burn, nor 


the Nitre detonize in a very rare, nor a 


very thick air; whence the reaſon why the 


Nitre detonized, and the. Candle burnt, 


when placed in the receiver, after freſh air 
was let in upon the fumes which were 
made in vacuo, was that thoſe fumes were 


much diſperſed and condenſed on the ſides 
of the glaſs, upon the ruſhing in of the 


freſh air, for the fumes were then much 


more rare and tranſparent, than before che 


- ar was let in. 
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That a Fire which is ſupplied with a hot 


air will not burn ſo briskly as a Fire which 


is fed by a cool air is evident from hence; 


that when the dn ſhines on a Fire, and there- 


by too much rarifics the ambient air, that 


Fire will not burn well, nor will a ſmall. 


Fire burn ſo well near a large one as at 


ſome diſtance from it. And e contra, it is a 


common obſervation, that in very cold froſty 


weather, Fires burn moſt briskly; the reaſon 


of which ſeems to be this, that the elaſtick 


expanſion of the cold condenſed air to a 
rarified ſtate, when it enters the Fire, is much 
brisker than that of an air already rarified 


in a good meaſure by heat, before it enters 


the Fire; and conſequently a continued ſuc- 


ceſſion of cold air muſt give a brisker motion 


to the Fire, than the like ſucceſſion of hot 


air: And ſuch colder and more condenſed 
air will alſo (as Sir Jaac Newton obſerves 
qu. 11.) by its greater weight check the 
aſcent of the vapours and cxhalations of the 


Fire, more than a warmer lighter air. So 


that between the action and re- action of the 
air and ſulphur of the fuel, and of the colder 


and denſer circumambient air, which rarifies 
much upon entring the ** the heat of 
rhe Fire is greatly increaſed. 2 


„ This 
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This continual ſupply of freſh air to the 
Bel ſeems hence alſo very neceſſary for 


keeping a Fire alive; becauſe it is found, that 


a Brimſtone Match will not take Fire in 

4 vacuum, but only boil and ſmoke; nor will 
Nitre incorporated into Brown Paper then 

detonize, except here and there a ſingle grain, 
that part only of the Paper turning black 


on which the focus of the burning he falls; 


nor would they, burn when a half exhauſted 


receiver with fumes in it was filled with 


freſh air added to thoſe fumes: In which 
caſe it is plain, that a good quantity of the 
ſuppoſed vivifying ſpirit of air muſt enter 
the receiver with the freſh air, and conſe- 
quently thoſe ſubſtances ſhould take fire. 
and burn for a ſhort time at leaſt, which yet 


they did not. { 
h 


And that the air's claſticity condaces mu 


to the intenſe burning of Fires, ſeems evident 
from hence; that Spirit of Nitre (which 
by Experiment 75 has but little claſtick air 
in it) when pourcd upon live Coals, ex- 
tinguiſhes inſtead of invigorating them : 
But eSirit of Nitre, when by being mixt with 


Sal Tartar it is reduced to Nitre, will then 
flame, when thrown into the Fire, vs. be- 
cauſe Sal Tartar abounds with claſtick acreal 


p 3 + - __ 


s N of 4 „ Y 


» . 


particles, as appears by ene T4» where 


224 times its bulk of air aroſe from a quan- 
tity of Cal Tartar And forthe ſame reaſon 
it is that common Nitre, when thrown into 

the Fire, flames, tho' its Spirit will not, vis. 


becauſe there is much claſtick air in it, as 
appears from Experiment 72, as well as from 
the great quantity of it, generated in * 


firing of Gun-powder. 
Ihe reaſon why Sal Tartar, when chrown 
on live Coals, docs not detonize and flame 
like Nitre, (notwithſtanding by Experiment 
yy of 74 plenty of elaſtick particles did ariſe from 
it) is this, vi. becauſe by the ſame Experi- 
ment, compared with Experiment 72, it is 
found, that a much more intenſe degree of 


heat was required to extricate the elaſtick 


air from “al Tartar, the more fix'd body 
than from Nitre; the great degree of Fire 
with which Sa] Tartar is made, rendering 
the coheſion of i its parts more firm: For it is 


well known that fire, inſtead of diſuniting, 


does in many caſes inſeparably unite the parts 
of bodies: And hence it is that Pulis. 
Fulminans, which is a mixture of Sal Tartar, 
Nitre and ſulphur, gives agreater exploſion 
than Gunpowder : Becauſe the particles of 
the Set Tartar, cohoring more firmly ina 


10 


fo! 
all 


fix 


fo! 


ac 


4 s of the . 1 
x 4 ſtate than thoſe of Nitre, they are there- 
fore thrown off with a greater repulſive 
force, by the united action and re- action of 
all thoſe ingredients armed each with its 
acid Spirit. | 8 


= ExPERIMENT CX VIII. 


Which acid Fpirits conſi ting ofa volatile 
acid Salt diluted in phlegm do contribute 
much to the force of cxploſion; for when heat- 
ed to a certain degree, they make a great ex- 
ploſion, like water heated to the ſame degree, 
as I found by dropping a few drops of Spirit 
of Nitre, oil of Vitriol, water, and ſpittle 
on an Anvil; and then holding over thoſe 
drops a piece of Iron which had a white heat 
given it; upon ſtriking down the hot Tron 
with a large Hammer, there was a very great 
exploſion made by each of thoſe liquors ; 
But frothy ſpittle, which had air in it, made 
a louder exploſion than water; which ſhews 
that the vaſt exploſion of the Nitre and Sal 
Tartar, which are compoſed of elaſtick air 
particles, included in an acid 28 is owing 
to their united force, 

We may therefore from what has been 
faid, with good reaſon conclude, that Fire is 
GT ha POE by the action and re- ac- 
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tion of the acid ſulphureous particles of the 
fuel, and the elaſtick ones which ariſe and 
enter the Fire, either from the fuel in which 
they abound, or from the circumambient 
air: For by Experiment 103, and many 
others, acid ſulphureous particles act vigo- 


wi * — ne . ww Lt a — 


ah of the „ 


rouſly on air; and ſince action and re- action 
are reciprocal, ſo muſt air on ſulphur; and 
there is we ſee, plenty of both, as well in 


mineral as vegetable fuel, as alſo in animal 
ſubſtances, for which reaſon they will burn. 
But when the acid ſulphur, which we ſee 


acts vigorouſly on air, is taken out of any 
fucl, the remaining Salt, Water and Earth 


are not inflammable, but on the contrary. 
quench and retard fire; and as air cannot 
produce firc without ſulphur, ſo neither can 


ſulphur burn without air: Thus Charcoal 


| heated to an intenſe degree for many hours 
in a cloſe veſſel will not burn as in the open 


air, it will only be red hot all ther time like a 
maſs of Gold without waſting: But no 
ſooner is it expoſed to the free air, but the 
ſulphur, by the violent action and re- action 


between that and the elaſtick air, is ſoon ſe- 


parated and carried off from the Salt and 


Earth, which are thereby reduced from a 


ſolid and hard to a fols impalpable cals. _ 
| And 


And when a Brimſtone Match which was 


placed in an exhauſted receiver was heated 


by the focus of a burning glaſs ſo as to melt 
te Brimſtone, yet it did not kindle into 


fire nor conſume, notwithſtanding the 
ſtrength and vigour of the action and re- action 


that is obſerved between light and ſulphure- 


dus bodies. Which is aſſigned by the illuſ- 


trious Sir Iſaac Newton, as © one reaſon 


Why ſulphurcous bodies take fire more 
\ © readily, and burn more vehemently than 
* other bodies do, qu. 7.” What his notion 
of fire and flame is, he gives us in qu, 
9. and 10. Qu. 9* © Is not fire a body heated 
„ ſo hot as to emit light copiouſly? For 
« what elſe is a red hot Iron than fire? And 


« what elſe is a burning Coal, than red hot 
« Wood? Qu. 10. Is not flame a vapour, 


« fame or cxhalation heated red hot, that is 
Boy ſo hot as to flame? For bodies do not flame 


« without emitting a copious fume, and 
« this fume burns in the flame. — Some 
« bodics heated by motion or fermentation, 
« if the heat grow intenſe, fume copiouſly, 


and if the heat be great cnough, the fumes 
« will ſhine and become flame: Metals in 
< fuſion do not flame for want of a copious 
T fume, except ſpelter 1 which fumcscopioully,. 
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and thereby flames: All flaming bodies, 


as Oil, Tallow, Wax, Wood,-foſlil Coals, 
Pitch, Sulphur, by flaming waſte and vaniſh 


into burning ſmoak; which ſmoak, if the 
flame be put out, is very thick and viſible, 


and ſometimes ſmells ſtrongly, but in 


flame loſes its ſmell by burning; and ac- 
cording to the nature of the ſmoak the 


flame is of ſeyeral colours, as that of 


ſulphur, blue; that of copper opened with 
ſublimate, green; that of tallow, yellow; 
that of camphire, white; ſmoak paſling 


thro' flame cannot but grow red hot, and 


red hot ſmoak can have no other appea- 
rance than that of flame.” 


But Mr. Lemery the younger ſays, © that 
the matter of light produces ſulphur, be- 


ing mixt with compoſitions of ſalt, earth 
and water, and that all inflammable mat- 


ters are ſuch only in vertue of the par- 


ticles of fire which they contain. For in 


the Analyſis, ſuch inflammablc bodies 
produce ſalt, earth, water, and a certain 
ſubtle matter, which paſſes thro' the cloſeſt - 
veſſels, ſo that what pains ſoever the ar- 
tiſt uſes, not to loſe any thing, he ſtill. 
finds a conſiderable diminution of weight. 


4 Now 


. "ini of the Ar. 285 
« Now theſe principles of ſalt, earth and 
« water are inactive bodies, and of no uſe, 
„ in the compoſition of inflammable bo- 
dies, but to detain and arreſt the parti- 
« cles of fire, which arc the read and only 
matter of flame. | 
<« It appears rherefore to be the matter 


« of flame that the artiſt loſes in decom- 


« pounding inflammable bodics, Mem. > 


« Acad. Anno 1713.” 


But by many of the preceding Aus 
ments, it is evident, that the matter loſt 
in the Analyſis of theſe bodies was elaſ- 
tick air, a very active principle in fire, but 


not ah elemental fire, as he ſuppoſes. 


« Mr. Geoffrey compounded ſulphur of 


| © acid Salt, Bitumen, a little Earth and oi 
of Tartar.” Mem. de Þ Acad. Anno 1703. 


In which oil of Tartar there is much air by 
Experiment 74, which air was doubtleſs by 


its elaſticity very inſtrumental in the in- 


flammability of this artificial ſulphur. 
If fire was a particular diſtin kind of body 


inherent in ſulphur, as Mr. Homberg, Mr. 


Lemery, and ſome others imagin, then ſuch 
ſulphurcous bodies, when ignited, ſhould 


rarify and dilate all the circumambient air; 


whereas it is found by many of the preced- 
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ing Experiments, that acid ſulphureous fuel 
conſtantly attracts and condenſes a conſide- 

rable patt of the circumambient elaſtick air; 
An argument, that there is no fire endued 


with peculiar properties inherent in ſulphur; 
and alſo that the heat of fire conſiſts princi- 


pally in the brisk vibrating action and re- 

action, between the elaſtick repelling air, and 

the ſtrongly attracting acid ſulphur, which 

ſulphur in its Analyſis is found to contain 

an inflammable oil, and acid falr, a very fix'd 
5 earth, and a little metal. 


Now ſulphur and air are ſuppoſed | to be 


acted by that ethereal medium, “ by which 


(the great Sir 1/aac Newton ſuppoſes) 
e light is refracted and reflected, and by 
« whoſe vibrations light communicates heat 


© to bodies, and is put into fits of caſy 
reflection, and eaſy tranſmiſſion : And 
cc do not the vibrations of this medium 
in hot bodies contribute to the intenſe- 
« neſs and duration of their heat? And do 


ce not hot bodies communicate their heat 


© to contiguous cold ones, by the vibra- 


ce tions of this medium, propagated- from 
* them into cold ones? And is not this 


* medium exccedingly more rare and ſub- 


«= tle than the air, and exccedingly more 
*k { claſtick 
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'« to its denſity, ibid. qu. 21.” 


ticles, while the 
very active, attracting and repelling ſtate; . 
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* elaſtick and active? And does it not rea- 
« dily pervade all bodies, Optic qu. 18. 


« The elaſtick force of this medium, in 
« proportion to its denſity, muſt be above 
« 490,000,000,000 times greater than the 
« elaſtick force of the air is, in proportion 
A force 
ſufficient to give an intenſe degree of heat, 
eſpecially when its elaſticity is much increa- 


ſed by the brisk action and re- action of par- 


ticles of the fuel and ambient air. 2 
From this manifeſt atttaction, action and 


re- action, that there is between the acid, ſul- 
phureous and elaſtick aereal particles, we 


may not unreaſonably conclude, that what 
we call the fire particles in Lime, and ſeve- 


ral other bodies, which have undergone the 


fire, are the ſulphureous and elaſtick parti- 
cles of the fire fix d in the Lime; which par- 
he Lime was hot, were in a 


and being, as the Lime cooled, detained in 


the ſolid body of the Lime, at the ſeveral 
attracting and repelling diſtances, they then 
happened to be at, they muſt neceſſarily 
continue in that fix d ſtate, notwithſtanding 


the ethereal medium, which is ſuppoſed 
freely to pervade all bodies, be . 
folk. 
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ſolliciting tkem to action: But when the 


ſolid ſubſtance of the Lime is diſſolved, by 


the affuſion of ſome liquid, being thereby 


emancipated, they are again at liberty to be 


influenced and agitated by each other's at- 
traction and repulſion, upon which a vio- 


lent ebullition enſues, from the action and 
re · action of theſe particles, which cbullition 
ceaſes not, till one part of the elaſtick par- 
ticles are ſubdued and fixed by the ſtrong 


attraction of the ſulphur, and the other part 


is got beyond the ſphere of its attraction, 


and thereby thrown off into true permanent 


air: And that this is a probable ſolution 
of the matter, there is good teaſon to con- 


clude, from the frequent inſtances we have 
in many of the foregoing Experiments, that 


plenty of elaſtick air is at the ſame time 


both generated and abſorbed by the ſame 
fermenting mixture; ſome of which were 
- obſerved to generate more air than they ab- 


ſorbed, and others e contra abſorbed more 


: than hey generated, which Was the caſe of 


EXPERIMENT. CXIX. 
And that the ſulphureous and acreal par- 


. ticles of the fire are lodged in many of thoſe 
E bodies 


Ar- 


oſe 


Aub of the Air. 289 


bodies which it acts upon, and thereby con- 
ſiderably augments their weight, is very evi- 


dent in Minium or Red Lead, which is ob- 
ſerved to increaſe in weight about -*- part 
in undergoing the action of the fire. The 
acquired redneſs of the Minium, indicating 


the addition of plenty of ſulphur in the 
operation: For ſulphur, as it is found to act 


moſt vigorouſly on light, ſo it is apt to 
reflect the ſtrongeſt, iS. the red rays; and 
that there is good ſtore of air added to the 
Minium, I found by diſtilling firſt 1922 


grains of Lead, from whence I obtained 
only ſeyen cubick inches of air; but from 


1922 grains, which was a cubick inch of 
Red Lead, there aroſe in the like ſpace of 
time 34 cubick inches of air; a great part 


of which air was doubtleſs abſorbed by the 


ſulphureous particles of the fuel, in the 


reverberatory furnace, in which the Mi- 


nium was made; for by experiment 106. 
the more the fumes of a fire are confined, 
the greater quantity of claſtick air they ab- 
for.” - | 
It was therefore doubtleſs this quantity 
of air in the Minium vhich burſt the her- 
metically ſealed glaſſes of the excellent Mr. 
Boyle, when he heated the Minium con- 

| U __ - tained 
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tained in them by a burning glaſs; but 
the pious and learned Dr. Nieuwentyt at- 
tributes this effect wholly to the expan- 
ſion of the fire particles lodged in the Mi- 
nium, © he ſuppoſing fire to be a parti- 
« cular fluid matter, which maintains its 
ov eſſence, and figure, remaining always 
© fire, tho' not always burning. Religious 
0 Philoſopher, Tt 
I 0 the ſame cauſe alſo, Excluſive of the 
air, he attributcs the yaſt expanſion of a 
- mixture of compound Aqua-fortis and oil of 

Carraways, whereas by Exper. 62. there is 
a great quantity of air in all ois. And by 
pouring ſome compound Aqua-fortis on oil 
of Cloves, the mixture expanded into a 
ſpace equal to 720 times the bulk of the 
oil, that part of the expanſion, which was 
owing to the watry part of the oil and ſpi. 
rit was ſoon contracted; whereas the other 
part of the expanſion, which was owing to 
the elaſtick air of the oil, was not all con- 
tracted, till the next day, by which time 
the ſulphureous fumes had reſorbed it. 

It has been the opinion of ſome that 
putrefaction is the effect of inherent fire: 
that Vegetables alone are the ſubject of Fer- 
mentation, but both Vegetables and ani- 

” mals 
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mals of putrefaction; which operations 


they attribute to very different cauſes, the 
immediate cauſe of fermentation is (they 
ſay) the motion of the air intercepted be- 


tween the fluid and viſcous parts of the 
fermenting liquor; but the cauſe of putre- 
faction they would have to be, fire itſelf, 


collected or included within the putrefying 


ſubject. But I do not ſee why theſe may 


not reafonably enough be looked upon as 


the effects of different degrees of fermen- 


tation; nutrition being the genuine effect 
of that degree of it, in which the ſum of 
the attracting action of the particles is much 
ſuperior to the ſum of their repulſive power: 
| But when their repelling force far exceeds 


their attractive, then the component parts 


of vegetables are diſſolved. Which diſſolving 


ſubſtances, when they arc diluted with much 


liquor, do not acquire a great heat in the diſ- 
ſolution, the briskneſs of the inteſtine moti- 


on being checked by the liquor: But when 
they are only moiſt, like green and damp 
Hay, in a large heap, then they acquire a 
violent heat fo as to ſcorch, burn and flame, 
whereby the union of their conſtituent parts 
being more throughly diſſolved, they will 


neither produce a vinous, nor an acid ſpirit: 


P22; 
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Which great degree of ſolution may well be . 
effected by this means, without the action . 
of a fire, ſuppoſed to be included within the 
putrefying ſubject. Wherefore according to 
the old Axiom, Entia non ſunt temere ne- 
que abſque neceſſitate multiplicanda. 

If the notion of fermentation be reſtrained 
to the greater repelling degrees of fermen- 
tation, in which ſenſe it has commonly 
been underſtood; then it is as certain, that 

the juices of vegetables and animals do not 
ferment in a healthy ſtate, as it is, that they 

do not at the ſame time coaleſce and diſu- 

nite: But if fermentation be taken in a} 
larger ſenſe, for any the ſmalleſt to the great. 

eſt degree of inteſtine motion of the par- 

ticles of a fluid, then all vegetable and ani · 
mal fluids are in a natural ſtate, in ſome 
degree of ferment, for they abound both with 
elaſtick and ſulphurcous particles: And it 

may with as much reaſon be argued, that 
there is no degree of warmth in animals 
and vegetables, becauſe a great degree of 

heat will cauſe a ſolution of continuity, 4 
to ſay, there is no degree of ferment in the 
| fluids of thoſe bodies, becauſe a great Ic 
pelling degree of ferment will . cer 
mainly diſſolve them. 
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That illuſtrious Philoſopher Sir Iſaac Neu- 


ton, in his thoughts about the nature of a- 
cids, gives this rational account of the na- 
ture of fermentation. © The particles of 
& acids—are endued with a great attractive 


« force, in which force their activity con- 


« ſiſts — By this attractive force they get 


e about the particles of bodies, whether 
e they be of a metallick or ſtony nature, 


© and adhere to them moſt cloſely on all | 


c 


* 


ſides, ſo that they can ſcarce be ſeparated 


from them by diſtillation or ſublimation; 
« when they are attracted and gathered to- 


e gether about the particles of bodies, they 
* raiſe, disjoin, and ſhake them one from 


another, that is, they diſſolve thoſe bodies. 


«© By their attractive force alſo, by which 
© they ruſh towards the particles of bodies, 
they move the fluid, and excite heat, and 
60 they ſhake aſunder ſome particles, ſo much 


ee as to turn them into air, and generate 


es bubbles: And this is the reaſon of diſſo- 
« lution, and all violent fermentation. Har- 
« ris Lexicon Tech. Vol. II. introduction.“ 


Thus we have from theſe Experiments 
many manifeſt proofs of conſiderable quan- 


tities of true permanent air, which are by 


mcans of firc and fermentation raiſed from, 


25 1 
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and abſorbed by animal, vegetable and mi- 


neral ſubſtances. 

That this air conſiſts of particles which are 
in a very active ſtate, repelling each other 
with force, and thereby conſtituting the ſame 


kind of elaſtick fluid with common air, is 
plain from its raiſing the Mercury in Expc- 


riment 88 and 89, and from its continu- 


ing in that elaſtick ſtate for many months 


and years tho cooled by ſevere froſts; where 
as watry vapours, tho they expand much 


with heat, yet are found immediately to con- 


denſe into their firſt dimenſions when cold. 
The air generated by fire was not, in 


many inſtances, ſeparated without great vio. 


lence from the fix d bodies, in which it 
was incorporated; as in the caſe of Nitre, 
Tartar, Sal Tartar and Copperas : whence ii 


ſhould ſeem, that the air generated from 
theſe Salts, may probably be very inſtru- 
mental in the union of Salts, as well as that 


central, degſer, and compacter particle of 
carth, which Sir Iſaac Newton obſerves, 
does by its attraction make the watry acid 
flow round it, for compoſing the particles of 
Salt. qu. 31. For ſince upon the diſſolution 
of the conſtituent parts of Salt by fire, it is 
found, that upon ſeparating and volatilizing 
BY E the 


the acid ſpirit, the air particles do in great 


abundance ruſh forth from a fixt to a re- 


pelling elaſtick ſtate; it muſt needs be, that 
theſe particles did in their fixt ſtate ſtrongly 


attract the acid ſpirits, as well as the ſul- 


phureous earthy parts of the Salt; for the 
moſt ſtrongly repelling arid elaftick parti- 


cles are obſerved, in a fixt ſtate, to be the 
moſt ſtrongly attracting. 


But the watry acid, which when ſeparated 
from Salt by the action of fire, makes a very 
corroſive fuming ſpirit, will not make elaſ- 
tick air, tho' its parts were put into a brisk 
motion by fire ix Exper. 75. And the event 
was the ſame with ſeveral other volatile 
ſubſtances, as volatile Salt of Sal Ammoni- 


| ac, Camphire and Brandy, which tho' di- 
ſtilled over with a conſiderable heat, yet 


generated no claſtick air, in Exper. 52, 61, 
66. Whence tis plain, the acid vapours in 


the air only float in it like the watry va- 


pours; and when ſtrongly attracted by the 


claſtick particles of the air, they monly ad- 
here to them, and make Salts. 

Thus in Experiment ; we ſee by the vaſt 
quantity of air there is found in Tartar, 
that tho it contains the other principles of 


vegetables, yet air with ſome volatile Salt 
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296 Analyſ of bo Ar. 
ſeems to make up a conſiderable part of its 
compoſition ; which air, when by the ation 
of fire it is more firmly united with the 
earth, and acid ſulphureous particles, requires 
a more intenſe degree of heat, to extricate 
it from thoſe adhering ſubſtances, as we find 
in the diſtillation of Sal Tartar, Exper. 74. 
which Air and volatile Salt are moſt readi- 
ly ſeparated by fermentation. 
And by Experiment 72, plenty of air ariſes 
alſo from Nitre, at the ſame time that the 
acid ſpirit is ſeparated from it by the action 
e fire. a 
7 We find alſo by Experiment 71, that 
ſome air is by the ſame means obtained 
from common ſea Salt, tho not in ſo great 
plenty, nor ſo caſily, as from Tartar and Ni. 
tre, it being a more fixt body, by reaſon of 
the ſulphur which abounds in it; neither 
is it ſo calily changed in animal bodies, as 
other Salts are, yet ſince it fertilizes ground, 
it muſt needs be changed by vegetables. 
There is good reaſon alſo to ſuſpect, that 
theſe acid ſpirits are not wholly free from 
air particles, notwithſtanding there were no 
elaſtick ones produced, when they were put. 
into a brisk motion, by the action of fire in 
Experiment 75. which might be occaſioned 
WW by 
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by the great quantity of acid ſpirit, in which 


they were involved. For we ſee in Expe- 


riment 90, that when the acid ſpirit of 
Aqua Regia was more ſtrongly attracted by 


the diſſolving gold, than by the air particles, 


then plenty of air particles, which were 
thus freed from the acid ſpirit, did continu- 


ally ariſe from the Aqua Regia, and not 


from the gold, at leaſt not from the metal- 


lick particles of the gold, for that loſes no- 


thing of its weight in the ſolution ; ſo that 
if any does ariſe from the gold, it muſt be 
. may be latent in the pores of the gold. 
ence it is probable that the air which 
is obtained by the fermenting mixture of 


acid and alkaline ſubſtances may not ariſc 
wholly from the diſſolved alkaline body, but 


in part alſo from the acid. Thus the great 


quantity of elaſtick air, which in Exper. 83. 


is generated from the mixture of Vinegar 
and Oyſterſhell, may as well ariſe in part 
from the Tartar, to which Vinegar owes 


its acidity, as from the diſſolved Oyſterſhell. 
And what makes it further probable is, that 
the Vinegar loſes its acidity in the ferment, 


that is its Tartar: for diſſolving menſtruums 


are generally obſerved to be changed in fer- 
mentation, as $ well as the diſſolved body. 


Have 


25 3 Analyſis of the Air. 
Have we not reaſon alſo hence to con- 
Jude, that the energy of acid ſpirits may in 
ſome meaſure be owing to the ſtrongly at- 
tracting air particles in them; which active 
principles may give an impetus to the acid 
ſpicule, as well as the earthy oily matter, 
which is found in theſe acid ſpirics ? 
There arc we ſee alſo great ſtore of ait 
particles found in the Analyſis of the blood, 
which ariſcs doubtleſs as well from the ſerum 


as from the craſſamentum, for all the animal 
fluids and ſolids have air, and ſulphur in 


them: Which ſtrongly attracting principles 
ſeem to be more intimately united together 

in the more perfect and elaborate part of it, 
its red globules; ſo that we may not unrea- 
ſonably conclude, that air is a band of union 
here, as well as in Salts: And accordingly 
we find the greateſt plenty of air in the moſt 
ſolid parts of the body, where the coheſion 
of the parts is the ſtrongeſt : For by compa 
ring Experiment 49 and 51. we ſec that 


much more air was found in the diſtilla. 


tion of horn than of blood. And the co- 
heſion of animal ſubſtances was not, as we 


find by the ſame Experiment, diſſolved even 


in the blood, without conſiderable violence 


of fire; tho it is ſometimes done to a fa- 
| „ ; tal 
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tal fo in our blood, by that more ſub: 


tile diſſolvent fermentation: But we may 


obſerve, that volatile Salts, Spirits, and ſul- 


phuteous Oil, which arc at the ſame time 


ſeparated from theſc Rs will not 
make elaſtic As. 


EXPERIMENT cxx. DET; 
As claſtick air is thus generated bythe 


| force of fire, from theſe and many other 


ſubſtances; ſo is the elaſticity of the air greats 
ly deſtroyed by ſulphurcous bodies. Sir 1/aac 
Newton obſerves, ©* that as light acts upon 
% ſulphur, ſo ſince all action is mutual, ſul- 
« phurs ought to act moſt upon light.” And 
the ſame may be obſerved of air and ſul- 
phur; for by Experiment 103, it is found 


| that burning ſulphur, which is a very ſtrongly 


attracting ſubſtance, powerfully attracts and 
fixes the elaſtick particles of air; ſo that there 
muſt needs be a good quantity of un- elaſtick 


air particles in oil and flower of ſulphur + 


The firſt of which is made by burning ſul · 
phur under a bell, the other by ſublimation: 


In further confirmation of this it is obſerved, 
that Oleum Sulphuris per Campanam is with 


more difficulty made in a dry than a moiſt 


air ʒ and I have found by Experiment purpoſe- 
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tation into an elaſtick ſtate; part unites with 
S | „ the 


too Analyſe of the . 


# 


ly made, that a Candle which burnt 70” in a 


very dry receiver, burnt but 64” in the ſame. 


receiver, when filled with rhe fumes of hot 


water; and yet abſorbed one fifth part more 
air, than when it burnt longer in the dry air. 
Sulphur not only abſorbs the air when 
burning in a homogeneal maſs, but alſo in 
many fermenting mixtures; and as Sir 1/aac 
Newton obſerved the attractive and refractive 
power of bodies to be greater or leſs, as they 
partook more or leſs of ſulphureous oily par- 
ticles; ſo there is good reaſon from theſe 
Experiments to attribute the fixing of the 
elaſtick particles of the air to the ſtrong 


attraction of the ſulphureous particles with 


which he fays it's probable that all bodies 
| abound more or leſs. Electrical bodies are 
_ alſo obſerved to attract more ſtrongly, in 
proportion to the greater mes of FRO 
which they contain. 


That great plenty of air is united with 


ſulphur in the oil of vegetables, is evident 
from the quantity of air that aroſe from the 
diſtillation of oils of Anniſeeds and Olives; 

in Experiment 62. When by fermentation 
the conſtituent parts of a vegetable are ſe- 


parated, part of the air flies off in fermen- 


ies 
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the eſſential Salt, Water, Oil and Earth, which 
conſtitute the Tartar which adhere to the 
ſides of the veſſel; the remainder which 
continues in the fermented liquor, is there, 


ſome of it in a fix d, and ſome in an elaſtick 


ftate, which gives briskneſs to the liquor; 
their expanding bubbles riſing of a very 
- viſible ſize when the weight of the incum- 


bent air is taken off the liquor in a vacuum. 

And as there was found a greater quantity 
of air in the deer's horn, than in blood, 
we may alſo obſerve it to be in a much 


greater proportion in the more ſolid parts of 
vegetables, than in their fluid: For we find 


in Experiment $55. 57. and 60. that near 
one third part of the ſubſtance of the Peaſe) 


| heart of Oak and Tobacco, were by the ac- 
tion of fire changed from an un- elaſtick 


ſtate, to an elaſtick air: And ſince a much 


greater proportion of air is found in the 
ſolid than the fluid parts of bodies; may we 
not with good reaſon conclude, that it is very 
inſtrumental, as a band of union in thoſe 
bodies, Thoſe particles (as Sir 1/aac 
Newton obſerves) © receding from one 


c another with the greateſt repulſive force, 


<« and being moſt difficultly brought together, 
_ © which upon contact cohere moſt ſtrongly ? 


5 Ju. 31. 


30 Analyſis of the Ar. 
qu. 31.” And if the attraction of coheſion 
of an un-claſtick air particle be proportion- 
able to its repulſive force in an elaftick ſtate ; 
then ſince its elaſtick force is found to be 
ſo vaſtly great, ſo muſt that of its coheſion 
de alſo. Sir 1/aac Newton calculates from 
the inflection of the rays of light, that the 
attracting force of particles, near the point of 
contact, is 10000, ooo, 0000, ©00O _premeer 
than the force of gravity. | 

Sulphur in a quieſcent fix d ſtate in a large 
body does not abſorb the elaſtick air, for 
a hard roll of Brimſtone does not abſorb 
air: But when ſome of that Brimſtone, by 


being powdercd and mixt with filings of 


Tron, is (et a fermenting, and thereby reduced 
into very minute particles, whoſe attraction 
increaſes, as their ſize decreaſes; then it 
abſorbs claſtick air vigorouſly : As may be 
ſeen in many inſtances under Experiment 9 5, 
The Walton mineral, in which there is a 
good quantity of ſulphur, did, when com- 
pound Aqua: Fortis was pour d on it, in Ex- 
periment 96, make a conſiderable fermen- 
8 and abſorb a great quantity of elaſtick 
air: But when the ferment was much in- 
en 0 by adding an equal quantity of 
water ig the Us mige, then inſtead of 
| | abſorb- 
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abſorbing 25 cubick inches as before, it 


generated 80 cubick inches of air: So that 


fermenting mixtures, which have ſulphur in 
them, do not always abſorb, but ſometimes 
generate air: The reaſon of which in the 


Experiment now under conſideration ſeems 
to be this, vig. in the firſt caſe a good quan- 


tity of elaſtick air was generated, by the 
inteſtine motion of the fermenting ingre- 


dients; but there ariſing thence a thick, acid, 


ſulphureous fume, this fume abſorbed a 


greater quantity of elaſtick air than was be- 


fore generated: And we find by Experiment 
103 that the ſulphureous particles which fly 


off in the air, do by their attraction deſtroy its 


elaſticity; for in that Experiment burning 
Brimſtone greatly deſtroyed the air's elaſticityʒ 

which muſt be done by the flame, and af 
cending fumes; becauſe in the burning of 
any quantity of Brimſtone, the whole maſs 
is in a manner waſted, there remaining only 

a very little dry Earth: And thereforc the 
abſorbed air cannot remain there, but muſt 
be abſorbed by the aſcending fumes which 
then attract moſt ſtrongly, when reduced 
ad minima: And 'tis well known that a 


Candle in burning flies all off into flame 5 


and vapour, ſo that what air it ablords muſt 
be by wo FUR. — Exe E · 


x 34 488 
73-2 


deſtroy the air's elaſticity, for many hours 
them, was taken out of the veſſel, 5 Sa A. 


by immerſing that veſſel and its ciſtern xx, 


repetitions of the ſame Experiment. 


Brimſtone, Ifilled a Flask full of fumes from 
the ſmoak of wood, after it had done flam- 
ing, then there was but half as much air 

abſorbed by thoſe fumes, as there was by 
the fumes of Brimſtone; viz. becauſe 


reaſon * the ſmoak of wood, tho it in- 


ExPEXIMENT cxxr. 
ai further I have found that theſe fumes 


after the Brimſtone Match, which made 


(Fig. 35.) Thoſe fumes being firſt cooled 


lor an inverted wine Flask, full ofthe fumes) 5 
under cold water for ſome time; then mark- WM <q. 
ing the ſurface of the water E I immerſed WM 
the veſlels in warm water: And when all = 
was cold again the following day, I found EY 

a good quantity of the air's claſticity was de. | 5 
ſtroyed by the water's aſcending above zz, _ 
And the event was the ſame upon frequent abt 


But if inſtead of the fumes of burning 


the ſmoak of wood was much diluted with 
the watry vapour which aſcended. with it 
out of the wood. And this is doubtleſs the 


| commodes 
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commodes the lungs, yet it will not ſuf- 
focate like that of Charcoal, which is with- 
al more ſulphuteous, without any mixture 

mes of watry vapours. 5 
urs WF And that new generated claſtick air is re- 


ade WM ſorbed by theſe fumes, I found by attempting 
24: to fire a Match of Brimſtone with a burn- 


led W ing glaſs, by means of a pretty large piece 

xx, of Brown Paper which had been dipped 

nes) W in a ſtrong ſolution of Nitre, and then 

ark. dryed: Which Nitre in detonizing generated 

rſed near two quarts of air, which quantity of air, | 

all and a great deal more, was abſorbed, when 4 

und the Brimſtone took fire and flam'd vigorouſly. f ; 

de- So that the 85 cubick inches of air, Experi- 1 ; 
SZ, ment 96, which I found upon meaſuring was 4 

Lent abſorbed by the Walton mineral and com- | A 
- pound Aqua -fortis, was the exceſs of what Lo 

ling Was abſorbed by thoſe fumes above what 

rom il was generated by the fermenting mixrure. 8 

am- And the reaſon is the ſame in filings of 

ait Iron and Spirit of Nitre, Experiment 94, 

by which alſo abſorbed more than they gene- 

auſe rated, whether with or without water. 

with Hence alſo we ſee the reaſon why filings 

h it of Iron and compound Agua. fortis in the 

the ſame 94 Experiment abſorbed air; and why 


in- when mixed with an equal quantity of water 
odes 8 3 = it 


* 
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it moſtly abſorbed, but did ſometimes gene- th 
rate, and then abſorb again: And it was the in 
ſame with Oil of Vitriol, filings of Iron and ab 
Water, and Neu- caſtle Coal and compound ge 
Agua: fortis and others: viz. At firſt, when 
the ferment was brisk, the abſorbing fumes 1 E 
roſe faſteſt, whereby more air was abſorbed it 
than generated; but as the ferment abated, to A 
ſuch a degree as to be able till to generate 2 
_ elaſtick air, but not to ſend forth a propor- of 
tionable quantity of fumes, in that caſe more m 
air would be generated than abſorbed. tui 
And in Experiment 95, there arc ſeveral th 
inſtances of the air's being in like manner wi 
abſorbed in leſſer degrees, by other ferment- ; mi 
ing mixtures: As in the mixture of Spirit _ tera 
of Harts-horn with filings of Iron, and with 
filings of Copper: And Spirit of Sal Am- 94 
moniac with filings of Copper; and alſo alc 
filings of Iron and Water; powdered Flint qu 
and Compound Aqua-fortis; powdered Bri- qu: 
| ffol Diamond with the ſame liquor. of 
It is probable from Experiment 103 and tin 
106, where it was found that the thicker cul 
the fuliginous vapours were, the faſter they 1 
abſorbed the air, that if the above-mentioned fur 
mi 


8 mixtures had not been confined 


in cloſe en, but in the open air, where 
| Coe, the 


: Analyſis of the Air. 


in that caſe much leſs air would have been 


abſorbed, perhaps a great deal leſs than was 


generated, 
In the ſecond caſe of the Walton mim 


Experiment 96, when inſtcad of abſorbing, 


it generated air, the parts of the Compound 
Aqua, fortis were then more at liberty to 
act by being diluted with an equal quantity 


of water; whereby the ferment being 


more violent, the particles which conſti- 
tuted the new elaſtick air were thereby 
| thrown off in greater plenty, and perhaps 


with a greater degree of elaſticity, which 


might carry them beyond the ſphere of at- 
traction of the ſulphureous particles. 
This is further illuſtrated by Experiment 


94, where filings of Iron and oil of Virriol 
alone generated very little; but the like 
quantities of filings of Iron, with an equal 


quantity of water, generated 43 cubick inches 


of air; and the like ingredients, with three 
times that quantity of water, genexatod 108 


cubick inches 5 
And tho' the quantity of the 3 

fumes (which was in this caſe of the Walton 

mineral very great) muſt needs in their aſcent 


1 a good deal of elaſtick air for they 
IS © © wa 


_=_ .; 
the vapours would have been lefs denſe, that 
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308 Analyſis of the Air. 
will abſorb air; yet if where the ferment was 
ſo much greater, more elaſtick air was ge- 


nerated by the fermenting mixture than was 
abſorbed by the aſcending fumes; then the 


quantity of new generated air, which I found 

between S and 4a, (Fig. 35.) when I mea- 

ſiured it, was equal to the exceſs of what was 
generated above what was abſorbed. 


And probably in this cafe the air was not 


5 abſorbed ſo much in proportion to the denſiry 
of the fumes as in the firſt caſe; becauſe here 


the ſulphureous fumes were much blended 


with watry vapours: For we find in Experi- 


ment 97, that ſix times more was waſted in 
fumes in this caſe than in the other; and there: 
fore probably a good part of the cubick inch 
of water aſcended with the vapour, and 
might thereby weaken its abſorbing power: 


For watry vapours do not abſorb claſtick air 


as the ſulphureous ones do; tho' by Experi- | 


ment 120, a Candle abſorbed more in a damp 
| Ds po ne dry ai. 


And tis from theſe diluting watry vapours 
chat filings of Iron with Spin of Nitre and 
Water, abſorbed leſs than with Spirit of Nitre 


alone, for in both caſes i it abſorbs more than 
1 generates. | 


Thus 


Analyſes of the Air. 30 


Thus alſo oil of Vitriol and Chalk ge- 
nerate air, their fume being ſmall, and that 
much diluted with the Any TAROT in the 
Chalk... 8 
But Lime with oil of Vietiol, ar Whine: 
Wine Vincgar or Water, make a conſidera- 
ble fume, and abſorb good quantities of air: 


Lime alone left to flaken gradually, as it 


makes no fume, ſo it abſorbs no air. 


We ſee in Experiment 92, where the fer- 
ment was not very ſudden nor violent, nor 


the quantity of abſorbing fumes large, that 


the Antimony and Aqua- fortis generated a 
quantity of air equal to 520 times the bulk 
of the Antimony; thus alſo in the mixture 
of Aqua regia and Antimony, in Experiment 
91, while at firſt the ferment was ſmall, then 


air was generated; but when with the in- 


creaſing ferment plenty of fumes aroſe, then 
there was a change from a generating to an 


abſorbing ſtate. 
Since we find ſuch great quantities of elaſ: 


tick air generated in the ſolution of animal 


and vegetable ſubſtances; it muſt needs be 


that a good deal does conſtantly ariſe, from 


the diſſolving of theſe aliments in the ſtomach 


and bowels, which diſſolution it greatly pro- 
mores: Some of which may very probably 
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de re-ſorbed again, by the fumes which ariſc 
with them; for we ſee in Expetiment 83 


that Oyſter-ſhell and Vinegar, Oyſter-ſhell 


and Rennet, Oyſter-ſhell and Orange juice, 


Rennet alone, Rennet and Bread, firſt generat- 
cd and then abſorbed air;butOyſter-ſhell with 
ſome of the liquor of a Calve's ſtomach which 
nad fed much upon Hay, did not generate air; 
and it was the fame with Oyſter-ſhell and 


Ox gall, and ſpittle, and urine; Oyſter-ſhell 
and Milk generated a little air, but Limon 


Juice and Milk did at the ſame time abſotb a 
little: Thus we ſee that the variety of mix- 
tures in the ſtomach appear ſometimes to 

generate, and ſometimes to abſorb air; that 

zs, there is ſometimes more generated than 
abſorbed, and ſometimes an equal quantity, 
and ſometimes leſs according to the propor- 
tion the generating power of the diſſolving 


aliments bears to the abſorbing power of the 
fumes which ariſe from them. Ina true kindly 


_ digeſtion, the generating power exceeds the 
_ abſorbing power but a little: But whenever 
the digeſtion deviates in ſome degree from 


this natural ſtate, co generate a greater pro- 


portion of claſtick air, then are we trou- 
© bled mare or leſs with diſtending Flatus's. 
1 had intended to make theſe and many more 


as om 


> 


” | 
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Experiments relating to the nature of digeſ- 
tion in a warmthequal to that of the ſtomach, 
but have been hitherto prevented by pur- 
ſuing other Experiments. 

Thus we ſee that all theſe mixtures do 
in fermentation generate elaſtick air, but 


| thoſe which emit thick fumes, charged with 
ſulphur, reſorb more than was generated 
in proportion to the ſulphureouſneſs and 

thickneſs of thoſe fumes. 


I have alſo ſhewn in many of the fore- 1 
going Experiments, that plenty of true per- 


manent elaſtick air is generated from the 
fermenting mixtures of acid and alkaline ſub- 


ſtances, and eſpecially from the fermenta- 


tion and diſſolution of animal and vegeta- 


ble bodies: Into whoſe ſubſtances we ſee it 

is in a great proportion intimately and firmly 
incorporated; and conſequently, great quan- 
tities of claſtick air muſt be continually ex- 


pended in their production, part of which 
does we ſee reſume its elaſtick quality, when 


briskly thrown off from thoſe bodies by fer- 
mentation, in the diſſolution of their texture. 
But part may probably never regain its elaſ- 
ticity, or at leaſt not in many centuries, that 
eſpecially which is incorporated into the 
more durable parts of animals and ve- 

8 2 4 = getables. | 
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getables. However we may with pleaſure 


ſee what immenſe treaſures of this noble 
and important element, endued with a 
moſt active principle, the all- wiſe Providence 


of the great Author of nature has provided; 
the conſtant: waftc of it being abundantly 
| ſupplied by heat and fermentation from in- 


numerable denſe bodies; and that probably 


from many of thoſe bodies.” which when 


_ .They had their aſcending fumes confined in 


my Glaſſes, abſorbed more air than they 
generated, but would in a more free, open 
ſpace generate more than they abſorbed. 

1 made ſome atempts both by fire, and 
alſo by fermenting and abſorbing mixtures, 


to try if I could deprive all the particles of 


any quantity of claſtick air of their elaſticity, 


but I could not effect it: There is therefore 
no direct proof from any of theſe Experi- 
ments, that all the elaſtick air may be ab- 
ſorbed, tho tis very probable it may, ſince 
we find it is in ſuch great plenty generated 
and abſorbed; it may well therefore be 
all abſorbed and changed from an elaſ- 
tick to a fixt ſtate: For as Sir Isaac NEw- 
re obſerves of light, © that nothing more 


* 15 requiſite for producing all the variety of 


Fc en, and degrees of ee e than 
8 that 


x i 
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« that the rays of light be bodies of different 
« ſizes; the leaſt of which may make the 
e weakeſt and darkeſt of the colours, and 
ebe more eaſily diverted, by refracting ſur- 
« faces from the right courſe; and the reſt, 
c as they are bigger and bigger, may make 
« the ſtronger and more lucid colours 
and be more and more difficultly diverted. | 
“ u. 29. So Qu. 30, he obſerves of air, that 
« denſe bodies by fermentation rarify into 

« ſeveral ſorts of air, and this air, by fer- 
mentation, and ſometimes without, returns 
« into denſe bodies.“ And ſince we find 
in fact from theſe Experiments, that air a- 
riſes from a great variety of denſe bodies, 
both by fire and fermentation, it is probable. 
that they may have very different degrees of 
elaſticity, in proportion to the different ſize 
and denſity of its particles, and the different 
force with which they were thrown off in- 
to an elaſtick ſtate. © Thoſe particles (as 
„ Sir IAA NEWTON obſerves) receding 
& from one another, with the greateſt re- 
e pulſive force, and being moſt difficultly 
« brought together, which upon contact 
« cohere moſt ſtrongly.” Whence thoſe of 
the weakeſt elaſticity, will be leaſt able to 
_ refiſt a wn power, and will there- 
fore 


has Ae of the fir 


fore be ſooneſt changed from an elaſlick 


to a fixt ſtate. And 'tis conſonant to reaſon 


to think, that the air may conſiſt of infinite 
degrees of theſe, from the moſt elaſtick and 


repelling, till we come to the more ſluggiſh, 
watry and other particles, which float. in 


the air; yet the repelling force of the leaſt 
elaſtick particle, near the ſurface of the carth 
while it continues in that elaſtick ſtate, muſt 


be ſuperior to the incumbent preſſure of a 
column of air, whoſe height is equal to that 
of the atmoſphere, and its baſe to the ſur- 
face of the ſphere of its claſtick activity. 


Thus upon the whole, we ſec that air a. 
boundsin animal, vegetable and mineral ſub- 
ſtances; in all which it bears a conſiderable 


part; if all the parts of matter were only 


endued with a ſtrongly attracting power, 
wWhole nature would then immediately be- 


come one unactive cohering lump; wherc- 
fore it was abſolutely neceſlary, in order to 
the actuating and enlivening this vaſt mal: of 
. attracting matter, that there ſhould be every 
where intermixed with it a due proportion 
of ſtrongly repelling elaſtick particles, which 
might cnliven the whole mals, by the in- 
ceſſant action between them and the at- 
tracting . And ſince theſe elaſtick 
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| particles are continually in great abundance 
reduced by the power of the ſtrong attracters, 


from an elaſtick to a fixt ſtate; it was there- 


fore neceſſary that theſe particles ſhould be 
endued with a property of reſuming their 
claſtick ſtate, whenever they were diſenga- 
ged from that maſs, in which they were 


fixed ; that thereby this beautiful frame of 


things might be maintained, in a continual . 
round of the production and diſſolution of : 
animal and vegetable bodies. 

The air is very inſtrumental in the pro- 
duction and growth of animals and vegeta- 
bles, both by invigorating their ſeveral juices 


while in an elaſtick active ſtate, and alſo by 


greatly contributing in a fix'd ſtate to the 
union and firm connection of the ſeveral 
conſtituent parts of thoſe bodies, vis. their 


water, ſalt, ſulphur and earth. This band of 
union, in conjunction with the external air, 


is alſo a very powerful agent in the diſſolu- 


tion and corruption of the ſame bodies, for 
it makes one in every fermenting mixture; 
the action and re- action of the aereal and 
ſulphureous particles is in many fermenting 


mixtures ſo great, as to excite a burning 
heat, and in others a ſudden flame: And 
it is we ſee * the like action and re· ac 
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tion of the ſame principles, in fuel and the 
ambient air, that common culinary fires are 


produced and maintained. 

Tho the force of its elaſticity is ſo great 
as to be able to bear a prodigious preſſure, 
without loſing that elaſticity, yet we have 
from the foregoing Experiments evident 
proof, that its elaſticity is caſily, and in great 


abundance deſtroyed; and is thereby reduced 


to a fixt ſtate, by the ſtrong attraction of the 


acid ſulphureous particles, which ariſe either 


from fire or from fermentation: And there- 
fore elaſticity is not an eſſential immutable 
property of air particles; but they are, we 


ſee, caſily changed from an elaſtick to a fixt 


ſtate, by the ſtrong attract ion of the acid, ſul- 
phurcous and ſaline particles which abound 


in the air. Whence it is reaſonable to con- 


dclude, that our atmoſphere is a Chaos, con. 
ſiſting not only of elaſtick, but alſo of un- 
elaſtick air particles, which in great plenty 
float in it, as well as the ſulphureous, ſa- 


line, watry and carthy particles, which are 


no ways capable of being thrown off into a 
permanently elaſtick ſtate, like thoſe parti- 
cles which conſtitute true permanent air. 


Since then air is found ſo manifeſtly to 
abound in almoſt all natural bodies; ſince we 
4 5 _ | find 
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find it ſo operative and active a * principle 
in every chymical operation, ſince its con- 
ſtituent parts are of ſo durable a nature, 
that the moſt violent action of fire, or fer- 
mentation, cannot induce ſuch an alteration 
of its texture, as thereby to diſqualify it 
from reſuming, either by the means of fire, 
or fermentation, its former elaſtick ſtate; 
unleſs in the caſe of vitrification, when with 
the vegetable Salt and Nitre, in which it is 
incorporated, it may perhaps ſome of it 
with other chymical principles be immuta- 
bly fixt: Since then this is the caſe, may 
we not with good reaſon adopt this now fixt, 
now volatile Proteus among the chymical 
principles, and that a very active one, as well 
as acid ſulphur; notwithſtanding it has hither- 
to been overlooked and rejected by Chymiſts, 
as no way intitled to that denomination? 
If thoſe who unhappily ſpent their time 
and ſubſtance in ſearch after an imaginary 
production, that was to reduce all things to 
gold, had, inſtead of that fruitleſs purſuit, 


beſtowed their labour in ſearching after this : 


much neglected volatile Hermes, who has ſo 
often eſcaped thro their burſt receivers, in 


© ovis omnia plena. Virgil. 
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31 I 5 Of n 
the diſguiſe of a ſubtile ſpirit, a mere fla- 


tulent exploſive matter; they would then 


inſtead of reaping vanity, have found their 


reſearches rewarded with very * 
and uſeful diſcoveries. 


erer em emden 
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Of Vegetation. 


E are but too ſenſible, that our rea 
ſonings about the wonderful and 


intricate operations of nature are ſo full 
of uncertainty, that as the wiſe man truly 


obſerves, hardly do we gueſs aright at the 


things that are upon earth, and with labour 
do we find the things that are before us. 
Wiſdom Chap. ix. v. 16. And this obſerva- 
tion we find ſufficiently verified in vege- 
table nature, whoſe abundant productions, 
tho' they are moſt viſible and obvious to us, 
yet are we much in the dark about the nature 


of them, becauſe the Texture of the veſſels of 


plants is ſo intricate and fine, that we can 
trace but few of them, tho aſſiſted with the 
beſt microſcopes. We have however good 
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farther reſearches; for tho we can never hope 


to come to the bottom and firſt principles of 
things, yet in ſo inexhauſtible a ſubject, where 
cvery the ſmalleſt part of this wonderful 


fabrick is wrought in the moſt curious and 
beautiful manner, we need not doubt of 


having our inquiries rewarded, with ſome _ 
further pleaſing diſcovery; but if this ſhould 


not be the reward of our diligence, we are 


however ſure of entertaining our minds 
after the moſt agreeable manner, by ſeeing 
in every thing, with ſurpriſing delight, ſuch 
plain ſignatures of the wonderful hand of 
the divine Architect, as muſt neceſſarily diſ- 
poſe and carry our thoughts to an act of ado- 
ration, the beſt and nobleſt Ny Og - 


entertainment of the mind. 


What Iſhall here ſay, will be chiefly and | 
ed on the following experiments; and on 


ſeveral of the preceding ones, without re- 


peating what has already been occaſionally 


obſerved on the ſubject of vegetation. 
We find by the chymical analyſis of vege- 
tables, that their ſubſtance is compoſed of 


ſulphur, volatile ſalt, water and earth; which 


principles are all endued with mutually 
attracting powers, and alſo of a large portion 
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reaſon to be diligent in making farther and 
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of air, which has a wonderful property of 
ſtrongly attracting in a fixt ſtate, or” of re- 


pelling in an elaſtick ſtate, with a power 


vrhich is ſuperior to vaſt compreſſing forces, 


and it is by the infinite combinations, action 


and re-aftion of theſe principles, that all 
the operations in animal and vegetable 
bodies are effected. 

Theſe active aereal particles are very 5 

viceable in carrying on the work of vegeta- 


tion to its perfection and maturity. Not 


only in helping by their elaſticity to diſtend 


each ductile part, but alſo by enlivening and 
invigorating their ſap, where mixing with 
the other mutually attracting principles they 
are by gentle heat and motion ſet at liberty 
to aſſimilate into the nouriſhment of the 
reſpective parts: The ſoft and moiſt nou- 
« riſhmenteaſily changing its texture by gen- 


be tle heat and motion, which congregates 


«* homogeneal bodies, and ſeparates hete- 


4 rogeneal ones.” Newton's Opticks, qu. 


31. The ſum of the attracting power of 


| theſe mutually acting and re- acting principles 
being, while in this nutritive ſtate, ſuperior 
to the ſum of their repelling power, where- | 


by the work of nutrition is gradually advan- 
ced by. the nearer and nearer union of theſe 


4 3 
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principles, from a leſſer to a greater degree 


of conſiſtency, till they are advanced to that 
viſcid ductile ſtate, whence the ſeveral parts 
of vegetables are formed; and are at length 


firmly compacted into hard ſubſtances, by 


the flying off of the watry diluting vehicle; 
ſooner or later, according to the different 
degrees of coheſion of thele thus compacted 
principles. ä 3 

But when the watry particles do. again 


ſoak into and diſ-unite them, and their repel- 
ling power is thereby become ſuperior totheir 


attracting power; then is the union of the 
parts of vegetables thereby ſo thoroughly diſ- 
ſolyed, that this ſtate of putrefaction does 
by a wiſe order of Providence fit them to 


reſuſcitate again, in new vegetable producti- 
ons; whereby the nutritive fund of nature 


can never be exhauſted: Which being the 


ſame both in animals and vegetables, it is 


thereby admirably fitted by a little alteration 


of its texture to nouriſh either. 


Now, tho all the principles of vegeta. 
bles are in their due proportion neceſſary 
to the production and perfection of them; 
yet we generally find greater proportions 
of Oil in the more elaborate and exalted 


parts of 3 : And thus Seeds are 
1ͤ N found 
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found to abound with Oil, and conſequently 


with ſul phur and air, as we ſee by Exper. 56, 
57, 58. which Seeds containing the rudi- 
ments of future vegetables, it was neceſſary 
that they ſhould be well ſtored with princi- 


ples that would both preſerve the Seed from 
putrefaction, and alſo be very active in pro- 
moting germination and vegetation. Thus 
alſo by the grateful odours of flowers we 
are aſſured, that they are ſtored with a very 
ſubtile, highly ſublimed Oil, which per- 


fumes the ambient air, and the ſame 
may be obſerved n the * taſtes of 


fruits. 5 
And as Oil is an 3 preſervative | 


againſt the injuries of cold, ſo it is found 


to abound in the ſap of the more northern 


trees ; ; and it is this which in cVer-greens 


keeps their leaves from falling. 
But plants of a leſs durable texture, as 


they abound with a greater proportion of 


Salt and Water, which is not ſo ſtrongly 


attracting as ſulphur and air, ſo are they leſs 
able to eodurc the cold; and as plants are 


obſerved to have a greater proportion of 
Salt and Water in them in the ſpring, than in 


the autumn, ſo are they more eaſily injured 
by cold in the ſpring, than! in a more advan- 
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ced age, when their quantity of oil is increaſ- | 


cd with their greater maturity. 


Whence we find that nature's chief baſi- i= 
neſs, in bringing the parts of a vegetable, - 
eſpecially its fruit and ſeed to maturity, is 
to combine together in a due proportion, 
the more active and noble principles of ſul- 


phur and air, that chiefly conſtitute oil, 


which in its moſt refined ſtate is never 


found without ſome degree of earth and 


ſalt in it. 
And the more perfect this maturity is, the 


more firmly are theſe noble principles united. 
Thus Rheniſh Wines, which grow in a more 
northern climate, are found to yield their 
Tartar, „ Þy- Enper. 75+ their i incorpora- 
ted air and ſulphur in greater plenty, than 
the ſtronger Wines of hotter countries, in 
which theſe generous principles are more 
firmly united: And particularly in Madera 
Wine, they are fixt to ſuch a degree, that 
that Wine requires a conſiderable degree of 
warmth, ſuch as would deſtroy the more 
delicate texture of many other Wines, to 


keep it in order, and give it a generous 


taſte; and 'tis from the ſame eats that - 


ſmall French Wines are found to yield 


more ſpirit in diſtillation, than ſtrong Ha 
— Wines. Y 2 „„ 
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324 Of Vegetation. 
But when, on the other hand, the crude 
watry part of the nutriment bears too great 


a proportion to the more noble principles, 


either in a too luxuriant ſtate of a plant, or 
when its roots are planted too deep, Or it 


| ſtands in too ſhady a poſition, or in a very 


cold and wet ſummer; then it is found, 


that either no fruit is produced, or if there 


be any, yet it continues in a-crude watry 


ſtate; and never comes to that degree of ma- 


turity, which a due proportion of the more 
noble principles would bring it to. 
Thus we find in this and every other 


part of this beautiful ſcene of things, when 


we attentively conſider them, that the great 
Author of nature has admirably tempered 


the conſtituent principles of natural bodies, 


in ſuch-duc proportions as might beſt fit 


them for the ſtate and 3 255 were 
© intended for. 


It is very plain from many of ine fore- 
going Experiments and Obſervations, that 


the leaves are very ſerviceable in this work 
of vegetation, by being inſtrumental in bring- 
ing nouriſhment from the lower parts, within 
the reach of the attration of the growing 


fruit; which like young animals, is furniſhed 


with proper inſtruments to ſuck it thence. 
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But the leaves ſcem alſo deſi igned for many 
other noble and important ſervices; for 


nature admirably adapts her inſtruments ſo 
as to be at the ſame time ſerviceable to 


many good purpoſes. Thus the leaves, in 


which are the main excretory ducts in vege- 
tables, ſeparate and carry off the redundant 
watry fluid, which by being long detained, 


would turn rancid and prejudicious to the 


plant, leaving the more nutritive parts to 
coaleſce; part of which nouriſhment, we 
have good reaſon to think, is conveyed into 


vegetables thro' the leaves, which do plenti- 


fully imbibe the Dew and Rain, which con- 


tain Salt, Sulphur, &c. For the air is full 


of acid and ſulphureous particles, which 


when they abound much, do by the action 
and re- action between them and the elaſtick 
air cauſe that ſultry heat, which uſually 


ends in lightning and thunder: And theſe 


new combinations of air, ſulphur and acid 


ſpirit, which are conſtantly forming in the 
air, are doubtleſs very ſerviceable, in pro- 


moting the work of vegetation 3 when being 


imbibed by the leaves, they may not im- 
probably be the materials out of which the 
more ſubtile and refined principles of ve- 


getables are formed: For ſo fine a fluid as 
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the air ſcems to be a more proper medium, 
wherein to prepare and combine the more 
_ exalted principles of vegetables, than the groſ- 


ſer watry fluid of the ſap; and for the ſame 


xcaſon, 'tis likely, that the moſt refined and 
active principles of animals are alſo prepared 
— 


in the air, and thence conveyed thro' the 


lungs into the blood; and that there is plenty 


of theſe ſulphureo-acrcal particles in the 


leaves, is evident from the ſulphureous exu- 
dations, which are found at the edges of 
leaves, which Bees are obſerved to make 
their waxen cells of, as well as of the 
duſt of flowers: And that wax abounds 
with ſulphur is - Plain from its burning 


freely, Oc. 
We may therefore reaſonably conclude, 


that one great uſe of leaves is what has 
been long ſuſpected by many, viz. to per- 


form in 3 meaſure the ſame office for 
the ſupport of the vegetable life, that the 


lungs of animals do, for the ſupport of the 
animal life; Plants very probably drawing 
thro” their leaves ſome Pare. of their nou- 


riſhment from the air. 
But as plants have not a dilating and con- 
tracting Thorax, their inſpirations and expi- 
_ rations will not be ſo frequent as thoſe of 


Ani. 
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* 


1 but depend wholly on the alter- 


nate changes from hot to cold, for inſpi- 
ration, and vice, verſd for expiration; and'tis 
not improbable, that plants of more rich 
and racy juices may imbibe and aſlimilate 
more of this aereal food into their conſtitu- 
tions, than others, which have more watry 
vapid juicess We may look upon the 
Vine as a good inſtance of this, which in 


Exper. 3. perſpircd leſs than the Apple- 


tree. For as it dclights not in drawing 
much watry nouriſhment from the carth by 


its roots, ſo it muſt therefore neceſſarily be 


brought to a more ſtrongly imbibing ſtate at 
night, than other trees, which abound 
more with watry nouriſhment; and it will 
therefore conſequently imbibe more from 
the air. And likely this may be the reaſon, 

why plants in hot countries abound more 


with fine aromatick principles, than the 


more northern plants, for they do undoubt- 
edly imbibe more dew. | 
And if this conjecture be right, chan it 


gives us a farther reaſon, why trees which 


abound with moiſture, either from too 


ſhaded a poſition, or a too luxurious ſtate 


are unfruitful, vi . becauſe, being! in theſe 
Caſes more replete with moiſture, they can- 
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228 Of Vegetation. 


not imbibe ſo ſtrongly from the air, as 


ethers do, that great being the dew of 
Heaven. 


And as the moſt racy generous taſtes of 


fruits, and the grateful odours of flowers, 
do not improbably ariſe from theſe refined 
aereal principles, ſo may the beautiful co- 
lours of flowers be owing in a good mea- 


ſure to the ſame original; for it is a known 


bobſervation, that a dry ſoil contributes much 
more to their varicgation than a ſtrong moiſt 


one does. 


And may not light alſo, by freely entring 
the expanded ſurfaces of leaves and flowers, 
contribute much to the ennobling the prin- 


ciples of vegetables? for Sir Iſaac Newton 


puts it as a very probable query, Are 


«< not groſs bodies and light convertible into 


one another? and may not bodies receive 


much of their activity from the particles 


of light, which enter their compoſition? 
« The change of bodies into light, and of 
« light into bodies, is very conformable to 
the courſe of nature, which ſeems de- 
lighted with tranſmutations. Opt. 3. 30." 
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ExTERNIMENT CXXII. 
That the Leaves and Stems of Plants do 
imbibe elaſtick air, there is ſome reaſon to 
ſuſpect, from the following Experiment, 


which in the firſt edition of this book, 1 


mentioned as not made with accuracy 


enough, but I have ſince repeated it with 


| greater accuracy, Vis. Fune 29% I ſet a well 
| rooted plant of Pepper- mint in a glaſs ciſ- 


tern full of carth, and then poured in as 
much water as it would eontain; over 
this glaſs ciſtern I placed an inverted glaſs 
2 , aa, as in Fig. 35. the water being 
drawn up by means of a ſyphon to as. 
At the ſame time alſo, I placed in the ſame 
manner another invertedglaſs zz, a4 of e. 


qual ſize with the former, but without any 
plant under it: the capacity of theſe veſſels 
above the water 44 was equal to 49 cubick 
inches. In a month's time the Mint had made 


ſeveral weak ſlender ſhoots, and many ſmall _ 
hairy roots ſhot out at the joints that were 


above water, occaſioned probably by the 


great moiſture of the air, in which the plant 
ſtood; half the leaves of the old ftem were 


now dead; but the leaves and ſtem of the 


young _ continued green moſt part of 


the 
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the following winter: The water in the two 
| Inverted glaſſes roſe and fell as it was ei- 
ther affected by the different weight of the 
Atmoſphere, or by the dilatation and con- 
traction of the air above 44. But the wa- 


ter in the veſſel in which the Pepper - mint 


ſtood, roſe ſo much above ag, and above 
the ſurface of the water in the other veſ. 


ſel, that one ſeventh part of that air muſt 


have been reduced to a fixt ſtate, either by 
being imbibed into the ſubſtance of the 


plant, or by the vapours which aroſc from 


the plant. This was chiefly done in the 
two or three ſummer months, for after that 


no more air was abſorbed. The beginning 
of April in the following ſpring, I took 


out the old mint, and put a freſh plant in 


its place, to try if it would abſorb any 


more of the air, but it faded in 4 or 5 days. 
Vet a freſh plant put into the other glass, 
whoſe air had been confined for 9 months, 
lived ncar a month, almoft as long as an- 
other plant did in freſh confined air; for 1 
have found that a tender plant confined in 


this manner in April, would not live fo 


long as a ſtronger sun, plant put in, in 


June, 
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The like plants placed in the ſame man- 


ner ſeparately, in the diſtilled airs of Tar- 


tar and Newcaſtle coal, ſoon faded 5 yet a 


like plant confined in three pints of air, a 
quart of which was diſtilled from an Or's 
tooth, grew about two inches in height, and 


had ſome green leaves on it, after 6 or 7 


weeks confinement. 


Finding that a freſh plant could not live 
in the air, which had been for ſeveral months 
infected by the mint which was placed in 


it the 19 of June; inſtead of a plant 1 
placed in that air a mixture of powdered 
Brimſtone and filings of Iron moiſtened with 


water; this mixture ablorbed four cubick 
inches of this air. 


EXPERIMENT. CXXIIL 


7 order to find out the manner of the 


growth of young ſhoots, I firſt prepared the 


following inſtrument, vis. I took a ſmall. 


ſtick 2, (Fig. 40.) and at a quarter of an 
inch diſtance from each other, I run the 


points of five pins, „ +, 5. thro' the 
ſtick, ſo far as to ſtand à of an inch from the 


ſtick, then bending down the great ends of 


the pins, I bound them all faſt with waxed 
thread; I provided alſo ſome red lead mixed 


with oil, 1 = 
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In the ſpring when the Vines had made 


| ſhort ſhoots, I dipped the points of the pins 


in the paint, and then pricked the young 


ſhoot of a Vine, (Fig. 41.) with the five 


points at once, from # to p: I then took 


off the marking inſtrument, and placing the 


loweſt point of it in the hole p, the upper. 


moſt mark, I again pricked freſh holes from 
p to „ and then marked the two other 
points 24; thus the whole ſhoot was marked 


every + inch, the red paint . every 
point remain viſible. 


42.) ſhews the true proportion of 
the ſame ſhoot, when it was full grown, the 


September following; where every corre- 


ſponding point is noted with the lame let. 


The diftance 1 f to 5 was not en- 


larged above 4 part of an inch; from s to 4. 
the Z; of an inch; from 3 to p, 4; from p. 
to o, 5 from o to u, 4; from to m of; 


from n to , 1 + of an inch; from / to 


7, 1 ＋ re inch ncarly; and from : to h three 
inches. 


In this Se we ſee that the firſt 


joint to r extended very little; it being al- 
moſt hardened, and come near to its full 


growth, when ] marked it: The next joint, 
from 
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from r to u, being younger, extended ſome- 


thing more; and the third joint from ytok 


extended from + of an inch, to 3 + + 
inches; but from & to h, the very tender 


joint, which was but , inch long, when 
marked it, was when full grown three i in- 


* long. 


We may obſerve, that nature in order 
to ſupply theſe young growing ſhoots with 
plenty of ductile matter is very careful to 


furniſh at ſmall diſtances the young ſhoots 
of all ſorts of trees, with many leaves 


throughout their whole length, which ſerve 
as ſo many jointly acting powers placed at 


different ſtations, thereby to draw with more 


| caſe plenty of ſap to the extending ſhoot. 


The like proviſion has nature made in 
the Corn, Graſs, Cane, and Reed kind; the 
leafy ſpires, which draw the nouriſhment 


to each joint, being provided long before 
the ſtem ſhoots, which (lender ſtem in 


its tender ductile ſtate would moſt eaſily 


break and dry up too ſoon, ſo as to pre- 
vent its due growth, had not nature to 


prevent both theſe inconveniences provided 


ſtrong Thecas or Scabbards, which both ſup- 


port and keep long in a ſupple ductile 


ſtate the tender extending ſtem. 
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I marked in the ſame manner as the Vine, 
at the proper ſcaſons, -young Honeyſuckle 
ſhoots, young Aſparagus, and young dun- 
R and I found in them all a gradua] 
ſcale of unequal extenſions, thoſe parts ex- 
tending moſt which were tendereſt. The 
white part of the Aſparagus, which was un- 
der ground, extended very little in length, 
and accordingly we find the fibres of the 
white part very tough and ſtringy: But the 
greateſt extenſion of the tender green part, 
which was about 4 inches above the ground 


when I marked it, ſeparated the marks from 


a quarter of an inch, to twelve inches dil: 


| tance; the greateſt diſtention of the Sun. 


flower was from 1 inch, to four inches dil 
tance. | | 
Erom theſe bb it is e 
that the growth of a young bud to a ſhoot 
conſiſts in the gradual dilatation and exten- 
ſion of every part; the knots of a ſhoot 
being very near each other in the bud, as 
may plainly and diſtinctly be ſeen in the ſlit 
bud of the Vine and Fig- tree; but by this 


gradual diſtention of every part, they are ex- 


| tended to their full length. And we may 
eaſily conceive how the longitudinal capil- 


: Jary tubes ſill retain their hollownels, not- 
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N Of Vegetation. i. 3 3 5 . 
withſtanding theit being diſtended, from the 
like effect in melted glaſs tubes, which re- 


tain a hollowneſs, tho drawn out to the 
- fineſt thread. 


The whole progreſs of the fiſt | joint r 
is very ſhort in compariſon of the other | 
joints; becauſe, at firſt ſetting out its leaves 
being very ſmall, and the ſeaſon yet cooler 
than afterwards, tis probable, that but lit- 
tle ſap is conveyed to it; and therefore it ex- 
tending but ſlowly, its fibres are in the 
mean time grown tough and hard, before 
it can arrive to any conſiderable length. 
But as the ſeaſon advances, and the leaves 
inlarge, greater plenty of nouriſhment be- 
ing thereby conveyed, the ſecond joint 


grows longer than the firſt, and the 3d and 


4th ſtill on gradually longer than the pre- 


ceding; theſe do therefore in equal times 
make greater advances than the former. 


The wetter the ſeaſon, the longer and 
larger ſhoots do vegetables uſually make; 
becauſe their ſoft ductile parts do then con- 
tinue longer in a moiſt, tender ſtate ; but 
in a dry ſeaſon the fibres ſooner harden, and 
ſtop the further growth of the ſhoot; and 


this may probably be one reaſon why the 


two or three Jaſt joints of every ſhoot are 
uſually 


EX ys A | 
3 . of —— 


uſually ſhorter than the middle joints; 3 Vis. 
becauſe they ſhooting out in the more advan. 
ced hot dry ſummer ſeaſon, their fibres are 
| ſoon hardened and dryed, and are withal 
checked in their growth by the cool au- 
tumnal nights: I had a vine ſhoot of one 
year's growth which was 14 feet long, and 
had 39 joints, all pretty nearly of an equal 
length, except ſome of the firſt and laſt. 
And for the ſame reaſon, Beans and many 
other plants, which ſtand where they are 
much ſhaded, being thereby kept continually 
moiſt, do grow to unuſual heights, and arc 
drawn up as they call it by the over ſhadow- 
ing Trees, their parts being kept long, ſoft 
and ductile: But this very moiſt ſhaded ſtate 
is uſually attended with ſterility; very long 
joints of vines arc alſo obſerved to be un- 
fruitful. 
This Experiment, which news the manner 
of the growth of ſhoots, confirms Borel- 
[is opinion, who in his Book De motu 
Animalium, part ſecond Chap. 13, ſup- 
poſes the tender growing ſhoot to be diſtend- 
ed like ſoft wax by the expanſion of the 
mwoiſture in the ſpongy pith; which dilating 
moiſture, he with good reaſon concludes | 


is hindered from returning back, (while it 
+: Expands) 


: — 4 


of Pregeration. 9275 


8 by the ſpongineſs of the pith, 
without the help of valves. For tis very pro- 
bable that the particles of water, which 
immediately adhere to, and are ſtrongly im. 
bibed into, and attracted by every fibre of 
the ſpongy pith, will ſuffer ſome degree 
of expanſion before they can be detached 
by the ſan's warmth from each attracting 
fibre, and conſequently the maſs of ſpongy 
fibres, of which the pith conſill, muſt there 

by be extended. | 
And that the pith may be the more ſer: 
viceable for this purpoſe, nature has provi- 
ded in moſt ſhoots a ſtrong partition at every 
knot, which partitions ſerve not only as 
plinths, or abutments for the dilating pith 
to exert its force on, but alſo to prevent the 
rarifi ed ſap's too free retreat from the pith, as 
well as for the ſhooting forth of branches 
leaves, and fruit. 

But a dilating ſpongy ſabltance, by equally 
expanding it ſelf every way, would not pro- 
duce an oblong ſhoot, but rather a globoſe 
one, like an Apple; to prevent which in- 
convenience We may obſerve, that nature 
has provided ſeveral Diaphragms, beſides 
thoſe at cach knot, which are placed at ſmall 
diſtances acroſs the pith ; thereby preventing 

= . „ 


3 1 Of Vegetation, 
its too great lateral dilatation. Theſe are very 
plain to be ſeen in Walnut-tree ſhoots; and 
the ſame we may obſerve in the pith of the 
branches of the ſun-flower, and of ſeveral 

other plants; where tho theſe Diaphragms 
are not to be diſtinguiſhed while the pith is 
full and replete with moiſture, yet when it 
drys up, they are often plain to be ſeen; 
and it is further obſerved, that where the pith 
conſiſts of diſtin veſicles, the fibres of thoſe 
veſicles are often found to run horizontally, 
whereby they can the better reſiſt the too 
great lateral dilatation of the ſhoot. 

We may obſerve that nature makes uſe o 

the ſame artifice, in the growth of the feather 
of Birds, which is very viſible inthe great pint- 
on feathers of the wing, the ſmaller and upper 
part of which is extended by a ſpongy pith, 

but the lower and bigger quill- part, by a ſeries 
of large veſicles, which when replete with 
dilating moiſture do extend the quill, and keep 
it in a ſupple ductile ſtate, but when the quill 
is full grown, theſe veſicles are always dry; in 

which ſtate we may plainly obſerve every ve- 

ſicle to be contracted at each end by a Dia- 
phragm or Sphincter, whereby its too great 
lateral dilatation is prevented, but not its 

diſtenſion lengthwiſe. 
And 


— 


— 


And as this pith in the quill grows ary and 


uſeleſs after the quill is full grown, we may ob- 
| ſerve the ſame in the pith of trees, which is al- 
ways ſucculent and full of moiſture while the 


ſhoot is growing, by the expanſion of which 
the tender ductile ſhoot is diſtended in every 
part, its fibres being at the ſame time kept 
ſupple by this moiſture ; but when each year's 


ſhoot is full grown, then the pith gradually 
drys up, and continues for the future dry and 


kikſey, its veſicles being ever after empty; na- 
ture always carefully providing forthe ſucceed- 
ing year's growth by preſerving a tender duc- 


tile part in the bud replete with ſucculent pith. 
And as in vegetables, ſo doubtleſs in ani- 


mals, the tender ductile bones of young 


animals are gradually increaſed in every part, 
that is not hardened and oflified ; but ſince 
it was inconſiſtent with' the motion of the 
joynts to have the ends of the bones ſoft 


and ductile as in vegetables; therefore na- 


ture makes a wonderful proviſion for this 


at the glutinous ſerrated joyning of the heads 
to the ſhanks of the bones; which joyning 


while it continues ductile the animal grows, 


but when it oflifies then the animal can no 
longer grow. As I was aſſured by the following 


Experiment, vis. I took a half grown Chicx, 
2 _ whole 
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340 Of Vegetation. 
| whole leg- bone was then two inches long, 
and with a ſharp pointed Iron at half an inch 
diſtagce I pierced two ſmall holes through the 
middle of the ſcaly covering of the leg, and 
ſhin-bone; two months after I killed the 
Chick, and upon laying the bone bare, I 
found on it obſcure remains of the two 
marks I had made at the ſame diſtance of 
half an inch: So that that part of the bone 
had not at all diſtended lengthwiſe, ſince 
the time that I marked it : Notwithſtanding 
the bone was in that time grown an inch 
more in length, which growth was moſtly 
at the upper end of the bone, where a won - 
derful proviſion is made for its growth at the 
joining of its head to the ſhank, called by 

Anatomiſts Symphyſis. 
And as the bones grow in length and ſize, 
ſo muſt the membranous, the muſcular, the 
nervous, the cartilaginous and vaſcular fibres 
of the animal body neceſſarily extend and ex- 
pand, from the ductile nutriment which na- 
ture furniſhes every part withal; in which re- 
ſpects animal bodies do as truly vegetate as do 
the growing vegetables. Whence it muſt needs 
be of the greateſt conſequence, that the grow- 
ing animal be ſupplied with proper nouriſh- 
ment for that purpoſe, in order to form a 
8 5 5 ſtr ong 
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| 9 athletick conſtitution: For when grow- 


ing nature is deprived of proper materials for 
this purpoſe, then is ſhe under a neceſſity of 


drawing out very ſlender threads of life, as is 

too often the caſe of young growing perſons, 
who by indulging in ſpirituous liquors, or o- 

ther exceſſes, do thereby greatly deprave the 
nutritive ductile matter, whence all the diſ. 
tending fibres of the body are ſupplied. 


Since we are by theſe Experiments aſſured 
that the longitudinal fibres, and ſap veſſels of 


wood in its firſt year's growth, do thus diftend 


in length by the extenſion of every part; and 


ſince nature ia ſimilar productions makes uſe 
of the ſame or ncarly the ſame methods: 
Theſe conſiderations make it not unreaſon- 


able to think, that the ſecond and following 


years additional ringlets of wood are not 


formed by a mercly horizontal dilatation of 
the veſſels; for it is not eaſy to conceive, how 


longitudinal fibres and tubular ſap-veſſels 


ſhould thus be formed; but rather by the 
ſhooting of the longitudinal tubes and fibres 
length ways, from thoſe of the laſt year's wood, 


whereby there is a free communication main. 


tained between theſe, and the ſap- veſſels of 
all the preceding year's growth. The obſer- 


vations on the manner of the growth of the 
2 * inglets 
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ringlets of wood in Experiment 46 (Fig, 30.) 


do further confirm this. 


But whether it be by an horizontal or 


5 longitudinal ſhooting, we may obſerve that 
nature has taken great care to keep the parts 


between the bark and wood always very 


ſupple with ſlimy moiſture, from which 
ductile matter the woody fibres, veſicles and 
buds ae formed; 

Thus we ſec that nature, in order to the 
production and growth of all the parts of 
animals and vegetables, prepares her ductile 
matter: In doing of which ſhe ſelects and 
combines particles of very different degrees 
of mutual attraction, curiouſly proportion- 


ing the mixture according to the many dif. 


ferent purpoſes ſhe deſigns it for; either for 


bony or more lax fibres of very different de- 


grees in animals, or whether it be for the 


forming of woody or more ſoft fibres of 


various kinds in vegetables. 
The great variety of which different ſub- 
ſtances in the ſame vegetable prove, that 
there are appropriated Veſſels for conveying 
very different ſorts of nutriment. And in 
many vegetables ſome of thoſe appropriate 


veſſels are plainly to be ſeen replete either 


with milky, yellow, or red aytriment, + 


Bs 
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Dr. Keill, in his account of . ſecre- 
tion, page 49, obſerves, that where nature 


intends to feparate a viſcid matter from the 
blood, ſhe contrives very much to retard 


its motion, whereby the inteſtine motion of 


the blood being allayed, its particles can the 


better coaleſce in order to for m the viſcid 
ſecretion. And Dr. Grew, before him, ob. 
ſerved an inſtance of the ſame contrivance 
in vegetables where a ſecretion is intended, 
that is to compoſe a hard ſubſtance, viz. in 
the kernel or ſeed of hard ſtone fruits, 


which does not immediately adhere to, and 
grow from the upper part of the ſtone, 


which would be the ſhorteſt and neareſt 


way to convey nouriſhment to it; but the 


ſingle umbilical veſſel, by which the kernel 
is nouriſhed, fetches a compaſs round the 
concave of the ſtone, and then enters the 
kernel near its cone, by which artifice this 


) veſſel being much prolonged, the motion of 
the ſap is thereby retarded, and a viſcid nu- 


triment convey ed to the ſced, which turns 


to hard ſubſtance. h 
The like artifice of nature we may obſerve. | 


in the long capillary fibrous: veſſels which 


lie between the green hull, and the hard 


fhell of the Walnut, which are analogous 
Z ** = 


"Fi of — 


to the fibrous Mace of Nutmegs, the ends of ; 
whoſe hairy fibres are inſerted into the an- 


gles of che furrows in the, Walnut-ſhell: 
Their uſe is therefore doubtleſs to carry in 
_ thoſe long diſtin& veſſels the very viſcous 
matter which turns, when dry, to a hard 


ſhell; whereas were the ſhell immediately 
nouriſhed from the ſoft pulpous hull that 


ſurrounds it, it would certainly be of the 
ſame ſoft conſtitution : The uſe of the hull 
being only to keep the ſhell in a ſoft ductile 
ſtate till the Nut has done growing. 


We may obſerve the like effect of a flower 


motion of the ſap in Ever-greens, which per- 
ſpiring little, their ſap moves much more 
| flowly than in more perſpiring Trees; and 


is therefore much more viſcid, whereby they 


are better enabled to outlive the winter's. 
cold. It is obſcrved that the ſap of Ever - 


greens in hot Countries is not ſo viſcous as 


the ſap of more Northern Ever-greens, as 
the fir, & c. for the ſap in hotter Countries 


muſt have a brisker motion, by means 


| ky Sreater perſpiration. 
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In order to enquire into the manner of 
the expanſion of leaves, I provided a little 
FR 


a quarter of an inch diſtance from each other, 


| Icun the points of 25 pins x x which ſtood 
+ inch thro', and divided a ſquare inch i in- 


to 16 equal parts. 

Wich this inſtrument in the proper ſea- 
ſon, when leaves were very young, I pricked 
ſeveral of them thro at once, with the points 


of all theſe pins, dipping them firſt in the 


red lead, which made laſting marks. 


(Fig. 44.) repreſents the ſhape and ſize of a 
young Fig-leaf, when firſt marked with red 
points, : inch diſtance from each other. 
(fig. 45.) repreſents the ſame full grown 
leaf, and the numbers anſwer to the corre- 
| ſponding numbers in the young leaf: 


Whereby may be ſeen how the ſeveral points 


of the growing leaf were ſeparated from 
each other, and in what proportion, vis. 
from 2 quarter of an inch, to about thres 


quarter's of an inch diſtance. 
In this Experiment we may obſerve that the 


growth and expanſion of the leaves is owing 
| to the dilatation of the veſicles in every part, 
zs the growth of a young ſhoot was ſhewn. 
to be owing to the ſame cauſe in the forega=. 
ing Experiment; and doubtleſs the . is the 
ams in all fruits, — 1 
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| Laken board or ſpatula, abc d of this ſhape 
and ſize, (Fig. 43.) thro' the broad part at 


4 + 


— 2. — "EI * 
| — az 8 
* Wn 


3 


=. bs l N * . 

A . 5 8 . 
—— — jd. Ns . N 
—— * Ae; — 2 . 
22 e * E. y 4 Wk (1 — 


- . 8 
N e 
. 


— 4. E *- 2 0 —— N 
e 
* * 6 * BA 34 — r r- = on F 


If. 
2 NE fp 
S "mu 


WM 
wo ob ano — A + rates. ad 
«. * r 8 A 
— A 


— 


— — — ä . 2 — ——— 


EB. HR „ „ oh, + E . 1 
* - 


24 ͤ —y[— —— 
"EN , 2 


3 ic. Of Vegetation. 


If theſe Experiments on leaves were further 


purſued, there might probably be many curi- 


ous obſervations made in relation to the ſhape 
of leaves: By obſerving the difference of the 
progre ſſi ve and lateral motions of theſe points 
in different leaves, that were of very different 
lengths in proportion to their breadths. 
\ . That the force of dilating ſap and air, in- 
cluded in the innumerable little veſicles of 
young tender ſhoots and leaves, is abundant- 
ly ſufficient for the extending of ſhoots, and 


expanding of leaves; we have evident proof 


from the great force we find in the ſap of 


the Vine, chap. 3d. and from the vaſt force, 


with which inſinuating moiſture expanded 
the Peaſe. Experiment 32. we ſee the great 


power of expanding water, wen heated in 


the engine to raiſe water by fire: And wa- 
ter with air and other active particles in ca- 


pillary tubes, and innumerable ſmall veſicles, 


do doubtleſs act with a great force, tho ex- 

panded with no more heat than What the 
Sun's warmth gives them. 

And thus we ſee that nature exerts a con- 


ſiderable, tho ſecret and ſilent power, in car- 


rying on all her productions; which demon- 
ſtrates the wiſdom of the Author of nature 


in giving ſuch due proportion and direction 
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Beings; whereas were ſuch powers under no 


guidance, they muſt neceſſarily produce a 


Chaos, inſtead of that regular and beautiful 
ſyſtem of nature which we ſee. | 


We may plainly ſee the influence of the 
_ Sun's warmth in expanding the ſap in all 
the parts of vegetables, as well in the roots 


as the body that is above ground, by the 
influence it has on the ſix Thermometers 


deſcrided under Experiment 20, five of which 


were fixed at different depths from two in- 
ches, to two feet under ground, the other 
being expoſed to the open air. 


When in the greateſt noon tide heat the 
ſpirit of that which was expoſed to the Sun 


was riſen, ſince the early morning, from 21 
to 48 degrees; then the ſpirit in the ſecond 
Thermometer, whoſe ball was two inches 
under ground, was at 45 degrees, and the 


zd, 4th, and 5th Thermometers were gradu- 


ally of leſs and leſs degrees of heat, as they 
were placed lower in the ground to the ſixth 


Thermometer, which was two feet under 


ground, in which the ſpirit was 31 degrees 
high, In this ſtate of heat on all the parts 


of the regenable, we {ce the Sun muſt have 


„ - gy 
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to theſe powers, that they uniformly concur 
to the production and perfection of natural 


348 of Vegetation. 


a very — influence in expanding 
the ſap in all its parts. The warmth was 
much greater on the body above ground, 
than on the roots which were two feet deep; 
thoſe roots, and parts of roots which are 
deepeſt, as they feel much leſs of the Sun's 
warmth, ſo are they not fo ſoon, nor ſo 
much affected by the alternacies of day and 
night, warm and cold: but that part of ve- 
getables, which is above ground, muſt have 
irs ſap conſiderably rarified, when the heat 
increaſed from morning to two a clock af- 
ternoon, ſo much as to raiſe the ſpirit in | 
the iſt Thermometer from 21 to 48 degrees 


above the freezing point. 
© When in the coldeſt days of the er 


1724, the froſt was ſo intenſe as to freeze the 
ſurface of ſtagnant water near an inch thick, | 
then the ſpirit in the Thermometer which was 
expoſed to the open air, was fallen four de- 
grees below the freezing point; the ſpirit of 
that whoſe ball was twoinches under ground, 
was four degrees above the freezing point; 
the 3d, 4th and 5th Thermometers were pro- 
portionably fallen leſs and leſs, as they were 


deeper, to the 6th Thermometer, which being 
two feet under ground, the ſpirit was 10 de- 


. mY above _s 8 * In this ſtate of 
5 ge 
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things the work of vegetation ſcemed to be 


wholly at a ſtand, at leaſt within the reach 
of the froſt. 


But when the i was ſo far relaxed, as 


to have the ſpirit in the firſt Thermometer 
but 5 degrees above the freezing point, the 


ſecond 8 degrees, and the 6th 13 degrees, 
tho' it was till very cold, yet this being ſome 
advance from freezing towards warm, and 
there being conſequently ſome expanſion 


of the ſap, ſeveral of the hardy vegetables 


grew, vig. ſome Ever - greeas, Snow-drops, 
Crocus's, &c. which forward hardy plants 
do probably partake much of the nature of 
Ever-greens i in pcrſpiring little ; and the mo- 
tion of their ſap bcing conſequently very 
flow, it will become more viſcous, as in 
Ever-greens; and thereby the better able to 


reſiſt the winter's cold: and the ſmall expan- 


ſive force, which this ſap acquires in the win- 
ter, is moſtly exerted in extending the plant, 
little of it being waſted in proportion to 
the ſummer's perſpiration. 

Supported by the evidence of many of the 


foregoing Experiments, I will now trace the 


vegetation of a tree from its firſt ſeminal 
plant in the Seed to its full maturity and pro- 


duction of other Seeds, withoutentring into 


i: | a parti- 
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2 particular deſcription of the ſtructure of the 


parts of vegetables, which has already been ac- 


curately done by Dr. Grew and Malpighi. 


Wo ſee by Experiment 36, 57, 58, on 
diiſtilled Wheat, Peaſe and Muſtard- ſeed, 


what a wonderful proviſion nature has made, 


that the Seeds of Plants ſhould be well ſtored 
with very active principles, which principles 

are there compacted together by him, who 
curiouſly adapts all things to the purpoſes 


for which they are intended, with ſuch a 


: juſt degree of coheſion as retains them in 


| that ſlate till the proper ſeaſon of germi- 


nation; for if they were of a more lax con- 


ſtitution, they would too ſoon diſſolve like 


the other tender annual parts of plants: And 
if they were more firmly connected, as in 
the heart of Oak, they muſt neceſſarily have 
been many years in germinating, tho' ſup- 
_ pled with moiſture and warmth. ? 
When a Seed is ſown in the ground, in 
a few days it imbibes ſo much moiſture, as 
to ſwell with very great force; as we ſee 
in the Experiment on Peaſe in an iron pot, 


this forcible ſwelling of the lobes of the 


Seed ar, ar (Fig. 46.) docs probably pro- 


trude moiſture and nouriſhment from the 
capillary mou rr, which are called the 


Seed 
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Of Vegetation. 35x 
Seed roots, into the radicle c, E, d, which 
radicle, when it has ſhot ſome length into 
the ground, does then imbibe nouriſhment 
from thence ; and after it has acquired ſuf-. 
ficient ſtrength, as this tender ductile root 
is extending from S to c, it muſt neceſſa- 
rily carry the expanding Secd-lobes upwards, * 
at the ſame time that the dilating from = 
to 4 makes it ſhoot downwards; and when 
the root is thus far grown, ir ſupplies the 
Plume & with nouriſhment, which thereby 
ſwelling and extending opens the lobes 4 r, 
ar, which are at the ſame time raiſed a- 
bove ground with the Plume; where they 
by expanding and growing thinner turn to 
green leaves, (except the Seeds of the pulſe 
kind) which leaves are of ſuch importance 
to the yet tender Plume, that it periſhes, or 
will not thrive if they are pulled off; which 
makes it probable, that they do the ſame of 
fice to the Plume that the leaves adjoyning 
to Apples, Quinces and other fruits do to 
them, viz. they draw ſap within the reach 
of their attraction; ſee Exper. 8 and zo. 
But when the Plume is ſo far advanced in 
growth, as to have branches and expanded 
leaves to draw up nouriſhment; then theſe 
ſupplemental ſeminal leaves, ar, ar, being of 
| _. 
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no farther uſe, do periſh; not only becauſe 


the now grown and more expanded leaves 
of the young plant or tree, do ſo over-ſha- 


dow the ſupplemental leaves, that their for- 


mer more plentiful perſpiration is much a- 
bated; and thereby alſo their power of at- 


tracting ſap fails; but alſo becauſe the ſap is 
drawn from them by the leaves, and they be- 
ing thus deprived of nouriſhment, do periſh. 


As the tree advances in ſtature, the firſt, 


| ſecond, third, and fourth order of lateral 
branches ſhoot out, each lower order being 
longer than thoſe immediately above them; 
not only on account of primogeniture, but 


alſo becauſe being inſerted in larger parts of 
the trunk, and nearer the root, they have 


the advantage of being ſerved with greater 


plenty of ſap, whence ariſes the beautiful | 
parabolical figure of trees. 


But when trees ſtand thick together in 


Woods or Groves, this their natural ſhape 
is altered, becauſe the lower lateral branches 
being much ſhaded, they can perſpire little; 

and therefore drawing little nouriſhment, 
they periſh; but the top branches, being ex- 
_ poſed to a free drying air, they perſpire plen- 


tifully, and thereby drawing the ſap to the 


e, | 
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verſa, if when ſuch a Grove of tall trees is 
cut down, there be left here and there a 
- ſingle tree, that tree will then ſhoot out la- 


teral branches; the leaves of which branches 


now perſpiring freely, will attract plenty of 


ſap, on which account the top being depri- 
ved of its nouriſhment, it uſually dics. . 
And as trees in a Grove or Wood grow 


only in length, becauſe all the nouriſhment 


is by the leaves drawn to the top, moſt of 


the ſmall lateral ſhadcd branches in the mean 


time periſhing for want of perſpiration and 
nutrition; ſo the caſe is the very ſame in the 


branches of a tree, which uſually making an 


angle of about 45 degrees with the ſtem of 


the tree, do thereby beautifully fill up at equal 


and proper diſtances the ſpace between the 
lower branches, and the top of the tree, form- 


5 ing thereby as it were a parobolical Grove or 
Thicket; which ſhading the arms, the ſmall 
lateral ſhoots of thoſe arms uſually periſh for 


want of due perſpiration ; and therefore the 
arms continue naked like the bodics 'of Trees 


in a grove; all the nouriſhment being drawn 


up to the tops of the ſeveral branches by the 


leaves which are there expoſed to the warm 


ſun and free drying . PIINY the branches 
of Trees . much. 
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And where the lateral branches are very 
vigorous, ſo as to make ſtrong ſhoots, and 
attract the nouriſhment plentifully, there the 
tree uſually abates in its height: But where 
the tree prevails in height, as in groves, there 
commonly its lateral branches are ſmalleſt, 
So that we may look upon a tree as a com- 
plicated Engine which has as many different 
powers as it has arms and branches, each 
drawing from their common fountain of 


life the root: and the whole of each yearly 


growth of the tree will be proportionable 

to the ſum of their attracting powers, and 
the quantity of nouriſhment the root affords: 
But this attracting power and nouriſhment 


. will be more or leſs, according to the diffe- 


rent ages of the tree, and the more or leſs 
kindly ſeaſons of the year. | 
And the proportional growth of EVO la- 
teral and top branches, in relation to each 
bother, will much depend on the difference 
of their ſeveral attraQtipg powers. If the 
perſpiration and attraction of the lateral 
branches is little or nothing, as in woods 
and groves, then the top branches will . 
_ mightily prevail; but when in a free open 
air, the perſpiration and attraction of the 
: atem branches comes nearer to an equality 
—  r 
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with that of the top, then are the aſpirings 


of the top branches greatly checked. And 
the caſe is the ſame in moſt other vegetables, 


which when they ſtand thick together, grow 
much in length with very weak lateral ſhoots, 


And as the leaves are thus ſerviceable in 


promoting the growth of a tree, we may ob- 


ſerve that nature has placed the pedals of 


the leaves-ſtalks where moſt nouriſhment is 


wanting, to produce leaves, ſhoots and fruit; 
and ſome ſuch thin leafy expanſion is ſo ne- 


ccflary for this purpoſe, that nature provides 


ſmall thin expanſions, which may be called 


primary leaves, that. ſerve to protect and 


draw nouriſhment to the young ſhoot and 


leaf-buds before the leaf itſelf is expanded. 
And herein we ſee the admirable con- 


trivance of the Author of nature in adapting 


her different ways of conveying nouriſh- 


ment to the different circumſtances of her 
productions. For in this embrio ſtate of the 
buds a ſuitable proviſion is made to bring 


nouriſhment to them in a quantity ſufficient 
for their then ſmall demands: But when 
they are in ſame degree increaſed and form- 
ed, a much greater quantity of nouriſhment 
is neceſſary, in proportion to their greater 


increaſe : Nature, that ſhe may then no 
MA. * longer 
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5 longer ſupply with a ſcanty hand, immedl. 
ately changes her method, in order to con- 
e nouriſhment with a more liberal hand 
to her productions; which ſupply daily in- 
ercaſes by the greater expanſion of the 
leaves, and conſequently the more plentiful 
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attraction and ſupply of ſap, as the greater 
growth and demand for it increaſes. | 

We find a much more claborate and 
beautiful apparatus, for the like purpoſe, in 
the curious expanſions of bloſſoms and flow- 


ers, which ſeem to be appointed by Nature 


not only to protect, but alſo to draw and 
convey nouriſhment to the embrio fruit and 
ſeeds. But as ſoon as the Calix is formed 
into a ſmall fruit, now impregnated with 


its minute ſeminal tree, furniſhed with its 
Sccondine, Corion and Amnion, (which new 
ſet fruit may in that ſtate be looked upon as 

a compleat egg of the tree, containing its 
young unhatched tree, yet in embrio) then 


the bloſſom falls off, leaving this new form- 


ed egg, or firſt-ſet fruit in this infant ſtate, | 
to imbibe nouriſhment ſufficient for it ſelf, 
and the Foetus with which it is impregnated: 


Which nouriſhment is brought within the 


reach and power of its ſuction 270 the ad- 


joining leaves. | 


| 14 
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1 may be allowed to indulge conjecture 
in a caſe in which the moſt diligent in- 


air, a hint may not be taken, to conſider 


with it ſelf elaſtick or other refined active 
3 particles. That this Farina abounds with 
ſulphur, and that a very refined ſort, is pro- 
bable from the ſubtle oil which chymiſts ob- 
tain from ſaffron. And if this be the uſe of 


ly placed for the purpoſe than on very move- 
able Apices fixt on the ſlender points of the 


leaſt breath of wind be diſperſed in the air, 
thereby ſurrounding the plant, as it were, 


ous pounce? (for many trees and plants a- 
bound with it) which uniting with the air 
particles, they, or a very ſublimed ſpirit from 
them, may perhaps be inſpired or imbibed at 


4A mu 


„ 
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quirers are as yet, after all their laudable 
reſearches, advanced but little farther than 
the mere conjecture, I would propoſe it to their 
iful conſideration, whether from the manifeſt. _ 
proof we have that ſulphur ſtrongly attracts 


whether this may not be the primary uſe 
of the Farina fcundans, to attract and unite 


it, was it poſſible that it could be more apt- 
Stamina, whereby it might caſily with the 
with an Atmoſphere of ſublimed ſulphure- 


ſeveral parts of the plant, and eſpecially at 
the Piſtillum, and be thence e to 
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and perſpired by different kinds of Trees, 
and alſo of the influence the ſeveral ſtates 
of the air, as to warm or cold, wet or dry, 


ſtores of moiſture Nature has provided in the 
Earth againſt a dry ſeaſon, to anſwer this 
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the Capſala ſeminalis, eſpecially rowards 


evening, and in the night when the beautiful 
Petala of the flowers are cloſed up, and they, 
with all the other parts of the vegetable, are 
in a ſtrongly imbibing ſtate. And if to theſe 


united ſulphureous and aereal particles we 
ſuppoſe ſome particles of light to be joined, 
(for Sir Iſaac Newton has found that ſulphur 
attracts light ſtrongly) then the reſult of 
theſe three by far the moſt active principles 
in nature, will be a Punctum Salitns to in- 
vigorate the ſeminal plant: And thus we are 
at laſt conducted, by the regular Analyſis of 
vegetable nature, to the firſt enlivening 771 


ciple of their minuteſt origin. 


The Concluſion. 
E have from the foregoing Experi- 
ments many proofs of the very great 
and different quantities of moiſtyre imbibed 


have on that perſpiration. We ſee alſo what 


great expence of it in the production and 
Myport of . how far the dew can 
© 


55 Gin ts — — 


7e Concluſi „ : "I 59 


contribute to this ſupply, and how inſuffici- 


ent its ſmall quantity is towards making good 
the great demands of perſpiration : And that 


plants can plentifully imbibe moiſture thro' 
their ſtems and leaves, as well as perſpire it. 

We ſee with what degrees of warmth the 
Sun, that kindly natural genius of vegetation, 
acts on the ſeveral parts of vegetables, from 
their tops down to their roots two feet under 
ground. 

We have alſo many proofs of the great 


force with which plants and their ſeveral 


branches and leaves imbibe moiſture, up 
their capillary ſap veſſels: The great influence 
the perſpiring leaves have in this work, and 
the care Nature has taken to place them in 
ſuch order and at ſuch proper diſtances, as 
may render them moſt ſerviceable to this pur- 
poſe, eſpecially in bringing plenty of nou- 


riſhment to the young growing ſhoots and 
fruit, whoſe ſtem is uſually ſurrounded with 
them near the fruit's inſertion into the twig. 


Me ſee here too that the growth of ſhoots, 


leaves and fruit, conſiſts in the extenſion of 
every part; for the effecting of which, nature 
has provided innumerable little veſicles, 

which being replete with dilating moiſture, 


it does thereby powerfully extend, and draw 
out every ductile part. Aa4 We 
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We have here alſo many inſtances of the 
great force of the aſcending ſap in the vine in 
the bleeding ſeaſon; as alſo of the ſap's free. 
ly either aſcending or deſcending, as it ſhall 


happen to be drawn by the perſpiring leaves; 
and alſo of its ready lateral motion thro! 
the laterally communicating ſap veſſels; to- 
Peiner 11 
of air drawn in and mixed with the ſap, and 


incorporated into the ſubſtance of vegetables. | 


1f therefore theſe Experiments and Obſer- 
vations give us any farther inſight into the 
nature of plants, they will then doubtleſs be 


of ſome uſe in Agriculture and Gardening, 
either by ſerving to rectify ſome miſtaken 


- notions, or by helping farther to explain the 


reaſons of many kinds of culture, which 
long repeated experience has found to be 


good; and perhaps by leading us to make ſome 
advances therein: But as it requires a long 


ſeries and great variety of frequently repeat- 
ed Experiments and Obſervations, to make a 


very ſmall advance in the knowledge of the 


nature of vegetables; ſo proportionably we 
are from thence only to expect ſome gradual 


improvements in the culture of them. 


The ſpecifick differences of vegetables, 


vhich are all ſuſtained and grow from the 
ſame 


th many proofs of the great plenty 
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ſame nouriſhment, is doubtleſs owing to the 


very different formation of their minute 


veſſels, whereby an almoſt infinite variety of 
combinations of the common principles of 
vegetables is made; whence ſome abound 
more with ſome principles and ſome with o- 


thers. Hence ſome are of a warmer and more 
; ſulphureous, others of a more watry, faline, 


and therefore colder nature; ſome of a more 


firm and laſting, others of a more lax and 


periſhable conftitution. Hence alſo it is that 
ſome plants flouriſh beſt in one climate, and 


others in another; that much moiſture is kind- 


ly to ſome, and hurtful to others; that ſome 


require a ſtrong, rich, and others a poor, ſandy 
ſoil; ſome do beſt in the ſhade, and others in 


the ſun, c. And could our eyes attain to a 


ſight of the admirable texture of the parts on 


which the ſpecifick differences in plants de- 


pend, what an amazing and beautiful ſeene 


of inimitable embroidery ſhould we behold? 
what a variety of maſterly ſtrokes of machi- 


nery : what evident marks of conſummate 
wiſdom ſhould we be entertained with? 


We may obſerve that the conſtitution of 
plants is curiouſly adapted to the preſent 
ſtate of things, ſo as to be moſt flouriſhing 
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when there is a due mixture and proportion 
\ of warm and cold, wet and dry; but when 
the ſeaſons deviate far to any extreme of 


theſe, then are they leſs or more injurious to 
the ſeveral ſorts of vegetables, according to 


the very different degrees of hardineſs, or 


healthy latitude they enjoy. 
The different ſeaſons in which plants ws 


belt, ſeemsto depend, among other cauſes, on 


the very different quantities imbibed and per- 


ſpircd by different kinds of plants. Thus the 
Evergreens perſpiring little, and having 


thereby a thick, viſcid, oily ſap, they can the 
better endure the winter's cold, and ſubſiſt 
with little freſh nouriſhment: They ſeem 
many of them to flouriſh moſt in the tempe- 


rate ſeaſons of the year, but not ſo well in 


the hotteſt part of ſummer, becauſe their per- 
ſpiration is then ſomewhat too great, in pro- 
portion to the flow aſcent of the ſap, which 
makes ſome of them at that ſeaſon to abate 
of their vigor : Thus ſome plants, which grow 


and thrive with the ſlow perſpiration of 7a. 
nuary and February, periſh as the ſpring ad- 
vances, and the warmth and perſpiration is 
too great for them. And thus garden Peaſe 


and Beans, which are ſown i in what is found 
to be cir r 3 , Vis, in November, 
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by the ſummer's heat, which dries and har- 
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January, or February, tho they make but a 
| flow progreſs in their growth upwards, du- 
ring the cold ſeaſon, yet their roots, as alſo _ 
thoſe of winter corn, do in the mean time 
| ſhoot well into the warmer earth, ſo as to be 


able to afford plenty of nouriſhment when 


the ſeaſon advances, and there is a greater de- 

mand of it both for nutrition and perſpira- 
tion. But when Peaſe are ſown in June, i in 
order for a crop in September, they rarely 


thrive well, unleſs in a cool moiſt ſummer, 


dens their fibres before they are full grown. 
Tho we have from theſe Experiments, 
and from common obſervation,,many proofs 


of the great expanſive force, with which the 
fibrous roots of plants ſhoot, yet the leſs 
reſiſtance theſe tender ſhoots meet with, the 


greater progreſs they will certainly make in 


equal times: And therefore one conſidera- 
ble uſe of fallowing and trenching ground, 


and of mixing there with ſeveral ſorts of com- 


| Poſt, as Chalk, Lime, Marte, Mold, G. 
is not only thereby to repleniſh it with rich 
manure, but alſo to looſer: and mellow the 
ſoil, not only that the air may the more 
ere penetrate to the roots, but alſo that 
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the roots may the more readily make vigo- 
rous ſhoots. And the greater proportion the 
ſurface of the roots bears to the ſurface of 
the plants above ground, ſo much the greater. 
quantity of nouriſhment they will afford, 


and conſequently the plants will be the more 
vigorous, and better able to weather it out, 


againſt unkindly ſeaſons, than thoſe plants 


whole roots have made much ſhorter ſhoots. 


Herein therefore conſiſts the great care 
and skill of the Husbandman, to adapt 
his different ſorts of Husbandry to the 
very different ſoils, ſeaſons and kinds of 
grain; that the ſeveral ſorts of earth, from 


the very ſtiff and ſtrong ground, to the 


looſe light earths, may be wrought to the 


beſt temper they are capable of, for the 


kindly ſhooting and nouriſhing of the roots, 


And probably the Husbandman might get 
many uſeful hints, to direct him in adapt- 


ing the ſeveral kinds of manure, and dif- 
ferent ſorts and ſeaſons of culture to his 


different ſoils and grains: If in the ſeveral 


ſtages and growth of his Corn, he would 
not only make his obſervations, on what 


appears above ground, but would alſo fre- 
quently dig up, compare and examine the 
| roory of plants of cach ſort, eſpecially of 
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ings and extent of each root, with the ſpace 
of ground allotted it to grow in. 


And ſince we find ſo great a quantity of 
air inſpired and mixt with the ſap, and 
wrought into the ſubſtance of vegetables, 
the advantage of ploughing and fallowing 
ground ſeems to ariſe not only from the 
killing the weeds, and making it more mel- 
low, for the ſhooting of the roots of Corn, i 
but it is thereby alſo the better expoſed to 
have the fertilizing, ſulphureous, aereal and 
acid particles of the air mixt with it, which 
make land fruitful, as is evident from the 
fertility which the ſword or ſurface of land 
acquires, by being long expoſed to the air, 
without any culture or manure whatever. 
We have ſeen many proofs of the great 
quantities of liquor imbibed and perſpired 


by plants, and the very ſenſible influence 


. which different ſtates of the air had on their 
more or leſs free perſpiration : A main in- 


tention therefore to be attended to in the 
enſeare of them, is to take duc care, that 


"oy 
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thoſe which, grew indifferent ſoils, and were 
any how cultivated in a different manner 
from each other; this would inform them 

alſo, whether they ſowed their Corn too 
thick or too thin, by comparing the branch- 
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_ clude, that their texture is greatly altered 
in vegetation, by having their acid volatile 


ſalts are formed by very different combina- 


Various combinations with the cultivated | 
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they be ſown or planted in proper ſeaſons 
and ſoils, ſuch as will afford them their due 


proportion of nouriſhment ; which ſoils, as 


they are exhauſted, muſt, as tis well known, 
from time to time, be repleniſhed with freſh 
compoſt, ſuch as is full of ſaline, ſulphu- 
reous and aereal particles, with which com- 
mon dung, lime, aſhes, ſword, or burn- 


| bated turf abound: As alſo ſuch manures 
as have nitrous and other ſalts in them; for 


tho' neither nitre nor common falt be found 


in vegetables; yet ſince they are obſerved 


to promote fertility, it is reaſonable to con- 


ſalts ſeparated from the attracting central 
air and carthy particles, and thereby mak- 
ing new combinations with the nutritive 
juice; and the probability of this is further 

confirmed from the great plenty of air and 


volatile ſalt, which is found in another com- 


bination of them, vi. in the Tartar of fer- 


menting liquors : For it is the opinion of 


Chymiſts, that there is but one volatile ſalt 
in nature, out of which all other kinds of 


tions, all which nutritive principles do by 


carth, 
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earth, compoſe that nutritive ductile matter, 
out of which the parts of vegetables are form- 
ed, and without which the watry vehicle a- 
lone cannot render a barren foil fruitful. | 
Nor is this the only care, the — 


and fertility of plants and trees depends muel 

upon the happy influence and concurrence 
of a great variety of other circumſtances. 
Thus many trees are unfruitful by being 


planted too deep, whereby their roots being 


in too moiſt a ſtate, and too far from the 
proper influence of the Sun, whoſe power 


greatly decreaſes the deeper we go, as we | 
ſee in Experiment 20. they imbibe too much 


crude moiſture, which tho productive of 
wood, is yet unkindly for fruit. 
Or if when not planted too deep, they 


are full of crude fap, either by being too 
luxurious, or too much ſhaded; or are 


planted in a moiſt, when they delight in a 


dry ſoil, then the fap is not ſo ſufficiently th 
digeſted by the Sun's warmth, as to be in 
that ductile ſtate, which is proper for the 
producing of fruit. 


And thus the Vine, which is * to 


| thrive well in a dry, gravely, rocky ſoil, 
vill not be ſo fruitful in a moiſt, Riff, clay 
ground: And accordingly we may obſerve 
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in Experiment the 3d, that tho' the Vine 
imbibed and perſpired more than the Ever- 
green, yet it perſpired leſs than the Apple- 
tree, which delights in, and bears beſt in a 


ſtrong brick-carth clay; for tho the Vine 


bleeds moſt freely in its ſeaſon, produces 


many long ſucculent ſhoots, and bears great 


plenty of a very juicy fruit, yet from that 
Experiment it is plain, that it is not a great 
perſpirer, and therefore thrives beſt in a dry, 


rocky, or gravelly ſoil. 
The conſiderable quantity of moiſture, 
which by Experiment 16. is perſpired from 


the branches of trees, during the cold. win- 
ter ſeaſon, plainly ſhews the reaſon, why in 


a long ſeries of cold north-eaſterly winds, 
the bloſſoms, and tender young ſet fruit and 


leaves, are in the carly ſpring ſo frequently 


blaſted, vig. by having the moiſture exhaled 


faſter than it can be ſupplied from the trees: 


for doubtleſs that moiſture riſes the ſlower 
from the root, the colder the ſeaſon i is, tho' 
it riſes in ſome degree all the winter, as is 


evident from the ſame Experiment. 


And from the ſame cauſe it is, that the 
leafy ſpires of Corn are by theſe cold dry- 


ing winds often faded and turned yellow; 
Which makes the Husbandman, on theſe oc- | 


2.  caſions, 


— 


be. 


fre 


di; 


caſions, wiſh for ſnow; which tho! it be very 
cold, yet it not only defends the root from 


being frozen, bur alſo ſcreens the Corn 
from theſe drying winds, and keeps it in a 
moiſt, florid, ſupple ſtate. 


It ſeems therefore to be a very reaſonable 
direction which is given by ſome of the 


Authors who write on Agriculture and Gar- 


dening, viz. during theſe cold drying winds, 
when little dew falls, to water the trees in 
dry ſoils, in the bloſſoming ſeaſon, and while 


the young ſet fruit is tender; and provided 


there is no immcdiate danger of a froſt, or 
in caſe of continued froſt, to take care to 


cover the trees well, and at the fame time 

to ſprinkle them with water, which is imi- 
tating nature's method of watcring every part: 
But if the ſucceſs of this practice in cold 
weather may be thought a little doubtful; 
yet the ſprinkling the bodies and leaves of 
trees, in a very hot and dry ſummer ſeaſon, 
ſeems moſt rqaſonable, for by Exper. 42. 
they will imbibe much moiſture. 


As to ſloping ſhelters over Wall- trees, 1 


have often found, that when they are ſo 
broad as to prevent any rain or dew com- 


ing at the trees, they do more harm than 


good, in theſe long eaſterly drying winds; 
becauſe they e the rain and dews 
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falling on them, which would not only 
refreſh and ſupple them, but alſo convey 
nouriſhment to them: But in the caſe of 
ſharp froſts after ſhowers of rain, theſe ſhel- 
ters and other fences muſt needs be of ex- 
cellent uſe to prevent the almoſt total de- 
ſtruction which is occaſioned by the freez- 
ing of the tender parts of vegetables, hen 
they are full ſaturate with rain. ; 
The full proof we have from theſe Ex. 
periments, of the ſerviceableneſs of the leaves 
in drawing up the ſap, and the care we ſec 
Nature takes, in furniſhing the twigs with 
plenty of them, principally near the fruit, 
may inſtruct us on the one hand, not to be 
tco laviſh in pruning them off, and to be 
ever mindful to leave ſome on the branch 
beyond the fruit; and on the other hand, to 
be as careful to cut off all ſuperfluous ſhoots, 
which we are aſſured do draw off in waſtc 
great quantity of nouriſhment. And might 
it not be adviſeable, among many other ways 
which are preſcribed, to try whether the 
too great luxuriancy of a tree or branch 
could not be much checked by pulling off 
ſome of its leaves? How many experience 

will beſt teach us, the pulling all off will 
endanger the killing the branch or tree. 
There: is another very conſiderable uſe of 
5 dhe 
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the leaves, vix. to keep the growing fruit in 
a ſupple ductile ſtate, by defending it from 
5 Sun and drying winds, which by tough- 
ning and hardening its fibres ſpoil its growth, 


v hen too much expoſed to them; but when 5 
full grown, or ncar it, a a little more Sun 
is often very needful to ripen it. In hot- 
ter climates fruits want more ſhade than 
in this country, and here too, more ſhade 


is needful in a hot dry ſummer, than in * 


wet cool one. 
The conſideration of che 18 imbibing E 


power of the branches of trees, and the rea- 


dineſs with which we ſec the ſap paſſes to and 


fro, to follow the ſtrongeſt attraction, may per- 
haps give ſome uſeful hints to the Gardiner, 
in the pruning and ſhaping of his trees, in 
checking the too luxuriant, and helping and 
encouraging the unthriving parts of trees. 


It is a conſtant rule among Gardiners, 


founded on long experience, to prune weak 
trees early in the winter, becauſe they find 
that late pruning checks them; and for the 
ſame reaſon to prune luxuriant trees late in 


the ſpring, in order to check their luxuri- 
ancy. Now it is evident that this check does 


not proceed from any conſiderable loſs of 


ſap at the wounds of the pruned tree, (ex- 
cepting the calc of a few bleeding trees when 
Bb 2 „ 


Wa * 
* 
2 . —̃ ̃ eres 4 AA 


— 


* * 4 
a * 
- ä * wo + Tout 
—_— r „ ge n * 5 
a ne m_—— 4 hy 3 7 Ye « * 
995 a 5 


372 1 "The Cochin. 


cut in chat ſeaſon, but muſt arife from ſome 


IM 


other cauſe; for by Experiment 12 and 37, 
where mercurial gages were fixed to the ſtems 
of freſh cut trees, thoſe wounds were con- 
ſtantly in a ſtrongly imbibing ſtate, except 


the Vine in the bleeding ſeaſon. 


When a weak tree is pruned early in the 


beginning of the winter, the orifices of the 
ſap· veſſels are cloſed up long beforethe ſpring, 


as is evident from many Experiments in the 


1ſt, 2d and 3d chapters; and conſequently 
when in the ſpring and ſummer the warm 
weather advances, the attracting force of the 
cr perſpiring leaves is not then weakened by 
many inlets from freſh wounds, but is wholly 


exerted in drawing ſap from the root. Where- 


as on the Ather hand, when a luxuriant 
tree is pruned late i in 'the ſpring, the force 


of its leaves to attract ſap from the root 


Will be much ſpent and loſt : at the feyeral | 
\ freſh cut inlets. = 
| Beſides, the carly pruned tree ebeing caſed 

of ſeveral of its twigs or branches, has there- 
by the advantage of ſtanding thro' the whole 
winter, with a head better proportioned to 
its weak root. And ſince by Exper. 16. the 
ſap is found to aſcend in the winter, leſs of 
that than cold crude juice is drawn thro' 


the roots and tem, to ſupply the perſpi- 
| T 8 ration 


The + Concluſin on. 37 - 


ome | ration of the remaining boughs, whereby | 
37, | the ſap of the tree is probably leſs depau- 
ems f perated than it would have been, if all the 
con- boughs had remained on. For theſe rea- 
cept | ſons, early pruning ſhould in the main, and 


the And the reaſonableneſs of this practice 
the is further confirmed by the experience of 
ing, | ſome, who have found, that by pruning 
the | Vines, and pulling all the leaves off them in 
itly September, as ſoon as the fruit was off, they 
rm have borne greater plenty of Grapes than 
the other Vines, particularly in the year 1726. 
by | when by reaſon of the extreme wetneſs and 
lly | coldneſs of the preceding ſummer, the un- 
re- ripe ſhoots produced generally yery little 5 
nt fruit. But early pruning ſeems to be the 
"ce more preferable, becauſe pulling off the | 
ot leaves may poſlibly both wound the adjoin- ; 
ral ing bud, and injure it, by depriving it of ; 
| the nouriſhment which the leaf would have 4 
ed brought to ir. | ; | 
e- From many Experiments in the ſecond 1 
le Chapter, the Gardiner will ſee with what 
to force his grafts imbibe ſap from the ſtock, b 
IC eſpecially that ductile nouriſhment from be- 
of tween the bark and wood; which correſpond- | 
0 ing parts he well knows by conſtant expe- ö 
i- rience muſt be carefully adapred to each other 6 


nen ſome caſes, be better than late. 


3 — in 


"a 1 N 5 
< e 9 _ _ > 2 ds ee al bad 2 
2 . 1 - * a r ee ee e — g . — . 
rr e — _— "OR — vt; 4 ee ag, ets 4 eren . : ing —— — — — * * 7 x a 
25 ——— e TITTI FOR TE TT Ir „ e . «Ps mY E K r 14 ES 265% r 1 TY L . « 4 4 
* a A * 
» : 


2 


ſtump which is to imbibe the liquor as long 
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in grafting, thoſe grafts being always beſ 
' Whoſe buds are not (far 
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many who are deſirous to preſerve their 


trees, vis. either by plaiſtcring or covering 
with Shect-lead the very large wounds of 
trees, to defend their trunks from being 
rotted by the ſoaking in of rain. 

And from the ſame. 12th Experiment a 
hint may be taken to make ſome attempts 


to give an artificial taſte to fruits, by making 


trees imbibe in the ſame manner ſome 


ſtrongly tinged or perfumed liquor, which 


is not ſpirituous, for that we fee will kill the 


tree. I have made the ſtem of a branch of a 


tree imbibe two quarts of water without 
Eilling it: If any are deſirous to make this 


Experiment, they ſhould take care to cut the 


as they can, that there may be the more 
room, from time to time, to cut off an inch or 


two of the top, when it is grown ſo ſaturate 


with liquor that more will not pals. 
Tho Ever. greens are found to imbibe and 
Per- 


c aſunder, vis. be. 

cauſe their expanding leaves can therefore 

draw up fap the more Wee a 
quantities of moiſture which 

by Experiment 12 are imbibed at 

. wounds where branches are cut off, ſhews 

the reaſonableneſs of the caution uſed by 


perſpire much leſs than other trees, yet 1s 


the quantity they perſpire ſo conſi iderable,” 


that it has always been one of the greateſt 


difficulties in the ordering of a Green-houſe 
to let in freſh air enough without expoſing + 
the plants to too much cold. For ſince the 
perſpiration of trees will not be free and 
kindly in a cloſe damp air, the ſap will be 
apt to ſtagnate, which will make the plants 
grow moldy, or they will be ſickly, by im- 
bibing ſuch damp rancid vapours; for by 
Mr. Miller's curious obſervations on the 


perſpiration of the Plantain tree of the 


Mit- Indies, and of the Aloe under Expert. 
ment 5, plants will often imbibe moiſture in 
the night as well in ſtoves as common Green- 
houſes without fire; it is certainly of as great 
importance to the life of the plants to dif. 

charge ,that infe&ed rancid air, by the ad- 
mittance of freſh, as it is to defend them from 
the extream cold of the outward air, which 
will deſtroy them if let in immediately upon 
them. It ſeems therefore to bea very reaſon- 


able method which ſome uſe, -v:z. to cover 
ſome of the inlets of their Green-houſes on 


all ſides with canvaſs, and in extream cold 
weather with ſhutters made of reed or ſtraw, 
through which the air can only pals in little 


ſireams: The like contrivance would pro- 
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bably alſo be of good ſervice to | purify 


gradually the thick rancid fumes which ariſe 
from the dung of hot beds, and are often 
very deſtructive of the tender plants: Tit is 


to imitate Nature, which while ſhe provides 
for the defence of living creatures againſt 


the cold, by a good covering of Hair, Wool, 
or Feathers, at the ſame time ſhe takes carc 
that the air may have admittance through 


innumerable narrow meanders in ſuch quan. 


titics as may be ſufficient to carry off the 
perſpiring matter. 

J have here, and as ea offered under 
feveral of the foregoing Experiments, only 


touched upon a few of the moſt obvious 


inſtances, wherein theſe kind of reſearches 


may poſlibly be of ſervice in giving us uſe- 
ful hints in the culture of plants: Tho! I 
am very ſenſible, that it is from long ex- 


perience chicfly that we are to expect the 
moſt certain rules of practice; yet it is with- 


al to be re membred, that the likelieſt method 
to enable us to make the moſt judicioug 
obſervations, and to put us upon the moſt 


probable means of improving any art, is to 
get the beſt inſight we can into the nature 


and properties of thoſe things which we are 


deſirous to cultivate and improve. 
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